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■  3.  The  population  will  continue  to  become  more 

urbanized.  Small  and  medium-sized  cities  will  grow 
faster  than  the  largest  cities.  The  general  westward 
migration  which  was  accelerated  by  the  war  will  con¬ 
tinue. 

4.  Our  people  will  keep  on  getting  more  homo- 
i  neous.  Tnere  has  been  almost  no  immigration  since 
1929,  so  the  number  of  immigrants  who  have  been  in 
the  country  for  less  than  20  years  will  make  up  less 
^han  one  percent  of  the  population  in  1950  as  against 
10%  in  1930. 

An  even  more  important  factor  in  making  the  pop¬ 
ulation  all  of  a  kind  has  been  the  growth  of  universal 
•]uca»ion.  The  proportion  of  children  14-17  years  old 
attending  high  school  doubled  between  1920  and 
1936.  The  rise  of  the  radio,  movies,  and  national  maga¬ 
zines  has  also  levelled  us  out.  These  developments  not 
only  raise  the  general  educational  level  of  the  nation 
i  but  also  tend  to  standardize  the  public*s  tastes  and 
^  attitudes. 

LABOR  FORCE 

The  volume  of  goods  and  services  produced  by  145 
million  persons  in  1950  and  155  million  in  1960  will 
‘  depend  on  what  share  of  the  population  is  in  the  labor 
I  market  and  the  amount  of  work  those  employed 
I  a<  tually  do.  The  proportion  of  the  population  in  the 
labor  force  has  shown  little  change  in  the  past  few 
di'oades.  So  the  20th  Century  Fund  assumes  that  the 
relationship  between  labor  force  and  population  will 
be  about  the  same  in  1950  and  1960  as  it  was  just  be¬ 
fore  the  war.  On  this  basis  60  million  people  will 
lie  in  the  labor  market  in  1950  and  63.4  million  ten 
years  later. 

As  you  can  see  from  the  charts,  however,  there  will 
be  several  important  changes  in  the  composition  of 
the  labor  force.  More  women  will  be  working.  In  1870 
only  one  out  of  every  eight  worked.  By  1940  the  pro¬ 
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portion  had  grown  to  one  out  of  four,  and  evidently 
will  go  on  rising. 

However,  the  increase  in  the  number  of  women 
working  will  just  about  be  oflFset  by  earlier  retire¬ 
ments  and  longer  schooling.  This  explains  why  there 
is  little  change  in  the  ratio  of  labor  force  to  population. 

UNEMPLOYMENT 

The  effectiveness  of  the  labor  force  depends  not 
only  on  its  size  but  on  how  fully  it  is  employed.  We 
have  never  had  ^ull  employment  in  the  sense  that 
everyone  able  and  willing  to  work  had  a  job  at  the 
same  time.  Even  in  good  years  unemployment  has 
seldom  averaged  less  than  5%  of  the  working  force 
because  workers  are  always  moving  from  job  to  job. 
And  in  1932,  nearly  one-fourth  of  all  workers  were 
unable  to  find  jobs. 

For  this  reason,  the  20th  Century  Fund  assumes 
that,  even  with  good  business  in  the  1950s,  unemploy¬ 
ment  will  average  5%  of  the  labor  force.  This  works 
out  to  3  million  unemployed  in  1950. 

In  addition,  the  Fund  expects  the  long  down-trend 
in  average  weekly  hours  to  continue.  A  century  ago, 
workers  put  in  a  12  hour  day  for  6  days  a  week.  By 
1940  the  average  work-week  had  declined  to  44  hours 
in  non-agricultural  jobs  and  52  hours  in  agriculture. 
If  this  trend  continues,  the  average  in  non-farm  jobs 
will  be  down  to  38  hours  a  week  in  1960,  and  farmers 
will  work  48  hours. 

Adding  all  this  up,  and  allowing  for  vacations,  ab¬ 
senteeism,  and  sickness,  the  20th  Century  Fund  esti¬ 
mates  that  the  U.  S.  will  put  in  121  billion  man-hours 
of  work  in  1950  and  118  billion  in  1960.  This  compares 
with  105  billion  in  1940  and  with  154  billion  at  the 
peak  of  the  war  effort.  The  quantity  of  goods  and 
services  that  can  be  turned  out  with  this  amount  of 
labor  effort  will  depend  on  average  output  per  man¬ 
hour,  or  productivity. 
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PRODUCTIVITY 

The  key  to  our  future  economic  welfare  is  pro* 
ductivity.  It  is  the  five-fold  increase  in  output  per 
man-hour  that  has  made  it  possible  for  us  to  work 
shorter  hours  and  still  enjoy  a  rising  standard  of 
living.  This  increase  in  productivity  has  been  ac¬ 
complished  not  by  working  harder  hut  by  constantly 
inventing  better  machinery  to  supplement  human 
energy  with  mechanical  power. 

Of  course,  in  any  specific  factory  at  any  given  time* 
productivity  depends  largely  on  the  willingness  and 
ability  of  labor  and  management.  But  over  the  years, 
the  actual  effort  of  the  individual  worker  becomes 
much  less  important  than  the  effort  of  the  machine. 
The  most  energetic  and  skilled  blacksmith  of  a  cen¬ 
tury  ago  could  not  remotely  approach  the  produc¬ 
tivity  of  today*s  semi-skilled  worker  operating  auto¬ 
matic  power-driven  equipment. 

In  1860,  the  average  worker  turned 
out  33<  (in  1944  dollars)  worth  of 
goods  in  an  hour.  By  1940,  this  had 
MACH  grown  to  $1.22.  This  sensational  in¬ 

crease  in  productivity  was  due  to  the 
PAODUCINO  increased  use  of  power-driven  ma¬ 
chines.  In  1860,  the  average  worker 
AfOMF ...  had  the  help  of  only  half  a  horse¬ 

power  of  animal  or  mineral  energy. 
In  1940,  he  had  the  use  of  2.7  horse¬ 
power.  To  put  it  another  way,  if  there 
had  heed  no  increase  in  the  use  of  mechanical  power 
since  1850,  it  would  have  taken  290  million  workers 
to  turn  out  the  amount  of  goods  and  services  actually 
produced  at  the  peak  of  Uie  war  effort  by  only  63 
million  workers. 

DO  MACHINES  KlU  JOBS 

Past  history  also  shows  that  we  need  not  fear  the 
long  run  effects  of  the  introduction  of  labor-saving 
machines.  On  the  contrary,  the  only  way  we  can 
improve  the  material  welfare  of  everyone  is  to  con¬ 
tinue  and  even  step  up  the  rate  at  which  we  save 
labor  by  using  machines. 

Some  people,  it  is  true,  are  thrown  out  of  work 
and  a  few  of  them  may  not  be  able  to  find  other 
jobs  easily.  But  mechanization  more  than  compen¬ 
sates  for  ^technological  unemployment**  by  making 
it  possible  to  produce  more  ana  better  things  for 
everyone— things  that  themselves  create  jobs.  Develop¬ 
ment  of  the  railroads  and  the  automobile,  for  example, 
put  a  lot  of  canal  boat  and  livery  stable  operators  out 
of  business.  But  it  cut  the  cost  of  transportation  and 
created  many  times  more  jobs  than  it  eliminated. 

The  20th  Century  Fund  also  points  out  that  the 
most  important  reason  that  the  technological  revolu¬ 
tion  developed  luxuriantly  in  the  U.  S.  between  1850 
and  1940  was  that  competitive  enterprise  provided  a 
generally  favorable  climate.  It  is  true  that  natural  re¬ 
sources  were  plentiful  and  that  the  population  was 
growing  rapidly  both  in  numbers  and  in  skill.  But 
what  we  had  to  a  unique  degree  here  was  an  atmos¬ 
phere  which  favored  risk-taking,  fostered  the  vast  capi¬ 
tal  investment  necessary  to  harness  and  apply  me¬ 
chanical  energy,  and  provided  the  incentives  neces¬ 
sary  to  put  capital  and  inventiveness  to  work. 

No  other  economy  has  equalled  ours  in  the  ability 
to  produce  more  and  more  with  continually  diminish¬ 
ing  human  effort.  The  test  it  now  faces  is  whether  it 
can  eliminate  the  ups  and  downs  in  production  and 
employment  that  have  gone  along  with  it.  But  an 
abundance  of  evidence  indicates  that  we  ran  into 


trouble  after  1929  not  because  we  developed  tc 
many  labor-saving  machines  but  because  we  didn’i 
adjust  our  economic  mechanism  to  keep  the  pr<  r.>, 
going. 

The  key  importance  of  mechanization  is  indie  atr 
by  the  fact  that  the  increase  in  national  produ< 
unce  1860  closely  parallels  the  increase  in  use  of  n: 
chanical  power.  Between .1860  and  1940,  both  voluint 
of  production  and  use  of  energy  multiplied  ahou 
11  times.  It  is  clear  that,  in  order  to  keep  our  st  iQij. 
ard  of  living  rising,  we  must  continue  to  apply  nor; 
and  more  power  to  production. 

Chief  advantage  of  mechanical  energy  is.  ^ 
course,  its  low  cost.  Electric  energy  is  now  delivered 
for  as  little  as  a  cent  a  horsepower,  while  the  same 
amount  of  human  energy  costs  $10. 

And  there  are*  other  important  advantages.  Mechanic 
cal  energy  can  be  delivered  in  greater  concentration 
than  any  other  form.  It  is  also  more  convenient,  com 

Ract,  mobile,  and  controllable.  Consolidated  Edison  ii 
[ew  York  delivers  enough  electricity  in  a  day  to  4 
the  work  of  3  million  draft  horses. 

These  advantages  are  now  so  universally  accept^ 
that  it*s  hard  to  realize  how  recently  we  left  the  hone 
and  buggy  era.  At  the  turn  of  the  century,  animals  amj 
men  provided  more  than  half  the  energy  used  is 
Moduction  and  transportation.  It  wasn*t  imtil  World 
War  I  that  trucks  replaced  horses  in  local  hauling  atid 
tractors  began  to  invade  the  farms.  Here  is  how  the 
use  of  mechanical  energy  has  grown  since  1850: 
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PRODUCTIVITY  IN  THE  FUTURE 

Any  attempt  to  predict  future  developments  in 
productivity  is  complicated  by  the  fact  that  the 
changes  do  not  occur  at  an  even  rate.  Between  1850 
and  1940  the  average  increase  in  output  per  man¬ 
hour  was  18%  per  decade.  But  the  changes  varied 
all  the  way  from  3%  between  1870  and  1880  to  42^ 
for  the  decade  ending  in  1940.  There  is,  therefore, 
no  simple  way  to  extend  past  trends  to  obtain  a  fool¬ 
proof  figure  for  productivity  at  a  future  date. 

For  purposes  of  this  study,  however,  the  20th 
Century  Fund  assumes  that  the  average  rate  of  in¬ 
crease  since  1850  may  be  projected  to  estimate  output 
per  man-hour  in  1950  and  1960.  Thus,  output  per  man¬ 
hour  works  out  to  $1.44  in  1950  and  $1.70  in  1960  as 
against  $1.22  in  1940  (all  in  1944  dollars). 

As  the  Fund  points  out,  this  is  a  critical  assump¬ 
tion,  and  it  is  further  complicated  by  the  fact  that 
there  is  a  wider  possibility  of  error  in  this  estimatf 
than  in  most  of  the  others  in  the  study.  If,  for  ex¬ 
ample,  it  is  assumed  that  productivity  will  increase  at 
the  pace  set  from  1920  to  1940  which  averaged  36% 
per  decade,  then  1960  production  would  be  about 
double  the  1940  level  instead  of  only  157%  of  it,  a* 
the  20th  Century  Fund  estimates. 


A  CENTURY  OF  ECONOMIC  PROGRESS  1860  >1960 


OUTPUT  PER  MAN-HOUR  SHOULD  BE  S  TIMES  AS  GREAT 
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million  and  a  half  of  the  emergency  workers  drawn 
into  the  labor  force  during  the  war  are  still  at  work 
and  unemployment  is  lower  than  the  figure  assumeci 
for  1950. 

The  estimates  of  1950  and  1960  gross  national  prod¬ 
uct,  as  well  as  the  figures  for  past  years  used  in  the 
chart,  are  expressed  in  1944  prices.  This  is  not  a  pre¬ 
diction  that  the  price  level  will  settle  down  to  the  1944 
level  which  would  involve  a  'drop  of  18%  in  the  cost 
of  living  and  26%  in  wholesale  prices.  It  is  merely  a 
device  to  eliminate  price  fluctuations  so  that  the  fig¬ 
ures  will  show  only  the  actual  changes  in  the  physical 
volume  of  production. 

Gross  national  product  measures  the  total  market 
value  of  everything  the  nation  produces.  All  the 
goods  and  services  produced  are  absorbed  in  one  of 
three  ways:  by  consumer  expenditures;  by  expend¬ 
itures  for  investment  in  capital  goods  or  inventories; 
or  by  government  expenditures. 

HIGHER  TAXES,  LESS  INVESTMENT 

The  division  of  total  output  among  consumers,  in¬ 
vestment,  and  government  will  be  somewhat  differ¬ 
ent  in  1950  and  1960  than  in  the  past.  About  two- 
thirds  of  total  output  \^11  go  into  consumer  goods 
and  services.  This  is  about  the  same  as  the  propor¬ 
tion  in  prewar  years. 

Government's  share  will  continue  to  grow,  how¬ 
ever.  It  rose  from  11%  of  total  output  in  1929  to 
17%  in  1940.  At  the  peak  of  the  war  effort,  half  of 
all  production  went  to  Uncle  Sam.  Government  ex¬ 
penditures  have  dropped  to  less  than  half  the  war 
peak  and  they  will  continue  to  decline  slowly.  But 
government's  share  will  still  run  to  around  20%  in  the 
1950's.  On  the  other  hand,  the  ratio  of  investment  to 
total  output  shows  a  slight  long  term  decline. 

HOW  TOTAL  OUTPUT  IS  DISTRIBUTID 


TOTAL  NATIONAL  OUTPUT 

The  potential  volume  of  goods  and  services  in  1950 
and  1960  can  be  determined  by  simple  arithmetic, 
using  the  assumptions  outlined  on  the  preceding  pages. 
Of  an  estimated  population  of  145  million  in  1950, 
about  60  million  persons  will  be  in  the  labor  market 
and  57  million  of  them  will  have  jobs  if  we  succeed  in 
keeping  business  activity  at  a  high  level. 

This  many  people  would  work  121  billion  man¬ 
hours.  With  output  per  man-hour  estimated  at  $1.44 
(in  1944  dollars)  the  total  value  of  goods  and  services 
produced,  or  the  gross  national  product,  would  come 
to  $177  billion.  Similar  calculations  yield  a  gross  na¬ 
tional  product  of  $202  billion  for  19M. 

As  .the  20th  Century  Fund  emphasizes,  these  esti¬ 
mates  are  neither  a  forecast  of  actual  production  nor 
an  appraisal  of  maximum  potential  production.  They 
are  merely  an  attempt  to  show  in  dollars  and  cents 
what  can  be  achieved  with  high-level  employment. 


HIGHER  LIVING  STANDARDS 

Compared  with  any  prewar  year,  a  gross  national 
product  of  $177  billion  in  1950  and  $202  billion  in 
1960  would  represent  a  handsome  gain.  It  would 
make  possible  a  substantial  rise  in  living  standards. 

In  1950  we  would  produce  a  fifth 
than  in  1941. 


more 

However,  the  volume  of  goods 
and  services  turned  out  in  1950 
would  be  only  slightly  higher 
than  present  production.  This  is 
because  the  number  of  persons 
at  work  today  is  2  million  above 
the  estimated  normal  for  1950,  and  average  weekly 
hours  are  higher  than  they  will  be  then.  Almost  a 
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CONSUMER  INCOME 

U.  S.  business  can  look  forward  to  a  1950  consumer 
market  twice  as  large  as  in  the  worst  year  of  the 
depression,  half  again  as  large  as  in  19^,  and  one- 
fifth  larger  than  in  1941.  That  is  the  major  conclusion 
of  the  20th  Century  Fundus  analysis  of  consumer 
purchasing  power.  Here  are  the  steps  by  which  it 
arrives  at  that  conclusion: 

1.  With  gross  national  product  at  $177  billion  in 
1950,  past  experience  indicates  that  income  payments 
to  individuals  would  run  to  $138  billion. 

2.  Income  tax  rates  are  assumed  to  equal  the  1942 
schedules,  so  individuals  would  pay  $11  billion  in 
taxes  (as  against  $19  billion  in  1946). 

3.  Savings  are  estimated  at  $12  billion,  or  about  9% 
of  income  after  taxes. 

4.  Subtracting  taxes  and  savings,  consumer  pur¬ 
chases  of  goods  and  services  would  total  $116  billion. 

LOWER  SAVINGS 

Many  experts  would  criticize  the  assumption  that 
savings  will  amount  to  only  9%  of  income.  Some  of 
them  look  for  a  ratio  as  high  as  20%  in  prosperous 
postwar  years.  The  20th  Century  Fund  justifies  the 
use  of  a  low  figure  on  three  grounds:  (1)  people 
built  up  reserve  of  savings  during  the  war;  (2)  ex¬ 
panding  social  security  will  reduce  the  need  to  save 
for  old  age;  and  (3)  taxes  will  cut  into  savings.  The 
Fund’s  estimate  of  savings  plus  taxes  in  1950  adds 
up  to  a  higher  percentage  of  income  than  in  pros¬ 
perous  prewar  years. 

The  standard  of  living  won’t  rise  as  rapidly  as  the 
total  income  going  to  consumers,  because  the  in¬ 
creased  income  will  be  split  up  among  more  family 
units.  But  the  average  consumer  unit  (a  family  or  a 
single  person  living  alone)  will  be  a  third  better  off 
in  1960  than  in  the  1930’s. 

Shifts  in  the  distribution  of  income  will  be  even 
more  important,  from  a  marketing  standpoint,  than 
the  general  increase  in  over-all  consumer  income. 
More  consumer  units  will  be  in  the  over-$2000 
brackets  than  ever  before  and  this  group  will  be 
receiving  a  much  larger  share  of  total  consumer  in¬ 
come. 

Part  of  the  apparent  increase  in  income  is  can¬ 
celled  out  by  higher  prices.  To  show  the  actual  in¬ 
crease  in  purchasing  power,  the  figures  should  be 


adjusted  for  an  estimated  one-third  increase  in  the 
1950  price  level  over  that  of  the  mid-1930’s.  This 
would  mean  that  a  $2,650  income  in  1950  would  buy 
no  more  than  a  $2,000  income  in  1935-36.  Even  if 
this  adjustment  is  made,  the  resulting  figures  still 
show  a  striking  upward  shift. 

Income  Class  Consumer  Units  Cash  Income 

*  in  Millions  in  Billions 


1935-56 

1950 

1935-36 

1950 

Total 

39.2 

47.9 

$85.0 

$135.0 

Under  $1000 

20.8 

13.0 

17.0 

7.7 

$1000-2000 

12.2 

12.9 

28.1 

21S 

$2000-5000 

5.5 

18.2 

23.8 

62.1 

Over  $3000 

0.7 

3.8 

16.1 

43.7 

In  addition  to  dollar  income, 
shown  in  the  above  table,  consumers 
also  receive  “income  in  kind”— food 
and  fuel  produced  by  farmers  for 
their  own  use,  board  and  lodging  re¬ 
ceived  by  domestic  servants.  Such  in-  fOR  CONSUMERS 
come  will  have  a  value  estimated  at 
$3.3  billion  in  1950,  most  of  which 
will  supplement  the  $7.7  billion  re¬ 
ceived  ny  those  in  the  “under  $1000” 
bracket. 

The  urban  market  will  continue  to  be  far  more 
important  than  the  rural  market.  Consumer  units  in 
cities  will  receive  cash  incomes  of  $3,445  on  the 
average  in  1950,  more  than  twice  the  farm  average 
of  $1,635  and  almost  twice  the  small  town  average  of 
$1,880. 

THE  FARM  MARKET 

These  figures  don’t  provide  an  accurate  measure 
of  the  relative  importance  of  the  rural  and  urban 
markets  because  rural  consumers  pay  a  lot  less  for 
food,  fuel,  shelter  and  so  have  more  to  spend  for 
other  things.  If  there  were  any  way  to  adjust  for 
these  things,  the  figures  would  show  a  smaller  spread 
between  the  two  markets,  but  the  urban  market  will 
still  be  dominant. 

All  these  figures  underline  a  general  upgrading  in 
consumer  demands  which  would  accompany  high-level 
production  and  employment.  It  will  have  a  profound 
effect  on  marketing  practices.  The  average  person 
will  eat  better,  dress  better,  and  live  in  a  better  house 
with  better  equipment.  And  he  will  have  more  money 
to  spend  for  travel,  recreation,  and  luxuries. 


CONSUMER  MARKHS 


STANOARO  OF  UVING  YARDSTKK:  MORE  OF  THE  CONSUMER 
DOLLAR  GOES  FOR  THE  COMFORTS  OF  MODERN  LIFE 


The  improvement  in  living  Btandards  during  the 
1950  decade  will  lead  to  important  changes  in  the 
way  consumers  spend  their  dollars.  Even  though  they 
will  eat  better,  dress  better,  and  live  in  better  houses, 
a  smaller  share  of  the  consumer  dollar  will  be  spent  on 
food,  clothing  and  shelter.  A  growing  share  will  go  for 
appliances,  furniture,  travel,  and  recreation. 

This  means  that  the  fastest  growing  markets  will 
be  those  providing  what  might  be  called  **optionaP 
goods  and  services  —  things  which  add  to  comfort  and 
enjoyment  but  which  are  not  strictly  necessary.  Mar¬ 
kets  for  necessities,  on  the  other  hand,  will  expand  at 
a  slower  rate  than  total  consumer  expenditures. 

The  growing  importance  of  **optional**  goods  and 
services  is  one  of  the  reasons  why  it*8  increasingly 
difficult  to  keep  our  economic  machine  going  on  an 
even  keel.  The  purchase  of  **optional”  goods  can  be 
postponed  with  little  hardship.  So  anything  that 
causes  people  to  put  off  buying  a  new  car,  a  new  house, 
or  a  new  radio  has  a  far  greater  effect  on  production 
and  employment  now  than  it  did  when  the  major 
share  of  the  consumer  dollar  went  for  necessities. 

Some  of  the  trends  in  major  markets  are  summai^ 
ized  in  the  following  sections. 

FOOD 

Although  food  is  by  far  the  largest  item  in  the 
consumer,  budget,  its  relative  importance  is  declining 
slowly  as  living  standards  rise.  People  eat  the  same 
number  of  pounds  of  food  they  ate  in  1909  but  the 
food  is  better  from  a  nutritional  standpoint  and  easier 


WHERE  CONSUMER  DOLLARS  GO 

(Rgum  in  Billiont  of  Dollars) 
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to  prepare.  ThuSi  the  trend  favors  fruits,  vegetables, 
and  dairy  products  as  against  meat,  potatoes,  and 
bread. 

More  and  more  food  is  being  processed  in  factories 
rather  than  in  consumer  kitchens.  Improved  methods 
of  manufacture  and  'distribution  have  transformed 
the  luxury  foods  of  yesterday  into  the  standard  foods 
of  today.  New  kinds  of  processed  foods  —  canned, 
frozen,  and  dehydrated  —  are  appearing  constantly. 

CLOTHING 

Three  long  term  trends  will  shape  the  clothing 
market  in  the  future:  (1)  the  shift  from  home  and 
custom  to  factory  fabrication  is  almost  complete; 


1909 

1919 

1929 

1940 

1941 

(1944  Prices) 

1950  1960 

Total  Consumer  Expenditures . 

28.8 

60.8 

80.3 

70.6 

80.4 

116.2 

134.2 

Food,  Liquor,  and  Tobacco . 

9.9 

22.3 

•  23.7 

21.9 

25.3 

36.2 

41.1 

Food  . 

7A 

18.8 

19.9 

16.4 

19.0 

27.2 

30.8 

Liquor  and  Tobacco . 

2.5 

3.5 

37 

5.5 

6.3 

9.0 

10.3 

Clothing  and  Personal  Care . 

4.4 

9.8 

12.1 

9.8 

11.5 

16.2 

18  J 

Housing  . 

6.8 

10.1 

14.4 

12.6 

13.3 

19.3 

21.4 

Rent  a . 

5J 

7.9 

11.3 

9.1 

97 

14.0 

15.4 

Fuel  . 

1.0 

1.5 

1.7 

1.7 

1.8 

2.5 

2.8 

Electricity  . 

0.1 

0.3 

0.6 

0.9 

1.0 

1.6 

K8 

Household  Equipment  and  Operation  . 

2.8 

6.2 

10.6 

97 

10.3 

15.0 

17.4 

Appliances  . 

0.2 

0.4 

0.8 

1.0 

1J 

1.8 

2.4 

Consumer  Transportation . 

1.6 

5.2 

8.6 

7.3 

8.6 

12.7 

16.4 

Autos  and  Private  Planes  b . 

0.6 

3.5 

6.0 

57 

6.8 

9.6 

12.7 

Local  Bus  and  Street  Car . 

_ 

— 

0.8 

07 

0.8 

IJ 

1.5 

Intercity  Bus  . 

— 

- 

0.1 

0.1 

0.2 

0.2 

0.2 

Airlines  . 

— 

— 

c. 

C. 

e. 

0.1 

0.5 

Railroads . 

0.4 

0.8 

0.6 

0.3 

0.3 

0.4 

0.3 

Medical  Care,  Insurance,  and  Death  Expenses  . . . 

1.1 

2.8 

4S 

47 

5.2 

77 

87 

Recreation . 

0.9 

2.1 

3.8 

3.3 

37 

5.7 

6.9 

Radio  and  Television  Sets . 

0.2 

07 

1.0 

0.6 

0.8 

1.1 

1.3 

Private  Education,  Religion,  and  Welfare . 

1.2 

2.2 

2.7 

2.3 

2.4 

3.4 

3.7 

a.  Includes  Estimated  Rent  for  Owner>Occupied  Homes. 

b.  Includes  Original  Cost  ond  Operating  Expenses. 

c.  Less  than  $50  Million. 


,IH  MAMETS  IN  1950  AND  1960:  PcrtMrt  IncrtaM  Im  SalM  Over  1940 

lottom  S«smMt  Equals  PorcMit  lacraosa  1940-1950;  Total  Hoight  Equals  Porcont  Incrooso' 1940-1960. 


(2)  synthetics,  chiefly  rayon  and  nylon  so  far,  are 
replacing  cotton,  wool,  and  silk  at  an  accelerating 
pare;  (3)  there^s  greater  standardization  of  styles  and 
\  tt‘ nd  to  lighter  and  simpler  clothing. 

In  1909  consumers  spent  14%  of  their  income  for 
cltiiiiMt  but  by  1940  the  ratio  had  reclined  to  12%. 
hi  wever,  this  long  run  decline  may  be  halted  or  re¬ 
vet '*'4.  The  migration  from  farms  to  cities,  the  up- 
of  incomes,  and  the  growing  demand  for 
spoi  ts  clothing  will  increase  clothing  expenditures. 


for  their  dollars  in  other  things  than  housing.  Never¬ 
theless,  the  housing  market  should  be  much  larger  in 
the  1950’s  than  in  the  1930’s  because  much  of  our 
housing  needs  to  be  repaired  or  replaced. 

A  Census  survey  in  1940  showed  that  16  million  of 
the  nation's  37  million  dwelling  units  needed  to  be 
replaced  or  needed  major  repairs.  The  20th  Century 
Fund  estimates  that  the  provision  of  adequate  hous¬ 
ing  for  everyone  by  1960  would  involve  building  20 
million  new  units  and  rehabilitating  5.4  million  at  a 
total  cost  of  $115  billion  (1944  prices).  The  Fund 
also  estimates  that*  we  will  fall  15%  short  of  this 
goal  even  with  continued  high-level  employment. 

HOUSEHOLD  EQUIPMENT 

More  and  more  of  the  consiuner  dollar  has  gone 
for  household  equipment  in  the  past  four  decades, 
largely  because  of  the  development  of  labor-saving 
appliances.  The  outlook  is  for  a  continuation  of  this 
trend.  New  appliances  are  being  developed;  and  the 
large  number  of  new  houses  slated  to  be  built*  in  the 
next  few  years,  the  wartime  and  postwar  boom  in  the 
number  of  families,  and  the  migration  to  the  cities 
should  add  to  apfiliance  demand.  The  same  factors 
should  brighten  the  outlook  for  furniture,  rugs,  and 
other  household  items. 

Some  appliance  markets  may  be  saturated  by  the 
1950’s,  however.  A  few  years  of  high  production 
would  fill  our  homes  with  refrigerators,  for  example. 
However,  replacement  demand  would  run  to  2.7 
million  units  in  1960  and  there  would  be  a  demand 
for  1.3  million  refrigerators  to  equip  new  houses,  so 
the  market  would  still  be  bigger  than  in  1941  when 
3.6  million  were  sold.  However,  new  products  must 
he  developed  if  the  industry  is  to  keep  up  the  pace 
it  has  set  in  the  past. 


The  decline  in  the  relative  importance  of  housing 
eif- in-litures  —  from  24%  of  consumer  dollars  in  1909 
to  h'sa  than  18%  in  1940  —  is  expected  to  continue. 
The  reason  is  that  people  feel  they  get  more  value 


In  1916  the  average  person  traveled  400  miles.  By 
1940  the  average  had  grown  to  2,400  miles,  chiefly 
because  of  the  rise  of  the  automobile.  The  20th 
Century  Fund  expects  this  growth  to  continue  be¬ 
cause  as  their  incomes  rise  people  spend  more  money 
traveling. 

A  good  share  of  the  increased  spending  will  go  to 
purchases  of  cars  and  planes.  The  Fund  estimates 
that  there  will  be  36  million  cars  on  the  road  and 
100,000  private  planes  in  the  air  in  1950.  The  auto 
industry  would  he  able  to  sell  5  million  new  cars  a 
year  after  1950  —  4  million  for  replacement  and  a 
million  for  population  growth. 


CAPITAL  INVESTMENT 

Investment  plays  a  crucial  role  in  our  economy 
for  two  reasons.  It  is  by  plowing  back  part  of  our 
annual  output  tbat  we  are  able  to  provide  better 
machines  and  equipment  to  keep  productivity  rising. 
But  the  amount  ploughed  back  varies  widely  from 
year  to  year.  This  unevenness  of  capital  investment 
contributes  to  the  instability  of  production  and  em* 
ployment. 

Because  capital  investment  involves  the  purchase 
of  durable  goods,  it  can  be  postponed  almost  in* 
definitely  when  the  outlook  for  profits  darkens. 
Thus,  .capital  investment  plummeted  from  $18  bil¬ 
lion  in  1929  to  $5  billion  in  1933,  a  drop  of  72%, 
wKereas  consumer  spending  fell  only  about  half  as 
fast  in  the  same  period. 

MORE  FOR  EQUIPMENT 

There  has  been  an  important  shift  in  the  relation¬ 
ship  between  construction  and  equipment,  the  ^o 
major  types  of  investment.  Before  World  War  I, 
construction  made  .up  around  three-fourths  of  total 
investment  but  the  ratio  declined  to  less  than  half 
in  1935-39.  Part  of  the  decline  is,  of  course,  ex¬ 
plained  by  the  fact  that  the  depression  left  us  with 
ample  plant  capacity  but  provided  an  incentive  to 
buy  more  efficient  machines  to  cut  costs.  Neverthe¬ 
less,  there  is  a  well-defined  trend  towards  allocating 
an  increjfsing  proportion  of  investment  to  equipment 
rather  than  to  plant  construction. 

A  little  less  than  two- thirds  of  total  investment 
■  goes  into  industrial  plants  and  equip¬ 

ment.  Housing  and  other  consumer  con¬ 
struction  (hospitals,  schools,  churches) 
averaged  27%  of  total  investment  dur- 
ff ill  ing  the  interwar  period.  Housing  fell 

from  a  peak  of  $6  billion  in  1926  to  $4.7 
INYESTMiHT , . .  billion  in  1929  and  $600  million  in 
1933;  and  it  had  recovered  only  half 
tlie  1926  volume  by  1940. 

While  other  types  of  investment  fol¬ 
low  the  ups  and  downs  in  general  busi- 


CAPITAL 
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ness,  investment  in  housing  construction  follows 
cycle  of  its  own.  This  housing  cycle  is  determin<  d  h 
factors  such  as  the  vacancy  rate,  the  level  of  renU,  an 
that  of  construction  costs,  which  may  not  follow 
trend  of  general  business.  When  a  drop  in  general  bnci. 
ness  activity  takes  place  during  a  declining  phase 
the  housing  cycle,  as  it  did  in  1929,  the  result  is  a  d 
and  prolonged  depression.* 

Government  investment,  of  which  the  largest  com. 
ponent  is  highways,  has  been  much  more  stable  than 
other  types  but  it  doesn’t  swing  enough  weight  to 
stabilize  total  investment. 

Because  of  the  wide  fluctuations  in  capital  inve«{. 
ment,  it’s  much  more  difficult  to  estimate  future 
capital  expenditures  than  future  consumer  pur. 
chases.  In  order,  to  make  a  relatively  stable  forecast, 
the  20th  Century  Fimd  bases  its  estimates'  on  the 
long  term  trend  since  1879,  which  shows  a  slight 
decline  in  the  share  of  total  output  going  to  capital 
investment.  Thus,  investment  under  conditions  of 
stable  prosperity  in  the  1950  decade  is  estimated  at 
16%  of  total  output  as  compared  with  a  ratio  of 
more  than  18%  in  the  late  1920’s.  On  this  basis, 
estimated  capital  expenditures  work  out  to  $28  bil- 
lion  for  1950  and  $33  billion  in  1960.  Our  abilit 
to  maintain  bigh  employment  and  rising  living  stanj 
ards  will  depend  in  large  measure  on  our  ability  to 
invest  tbat  mucb  profitably  in  new  machinery'  and 
buildings. 

CAPITAL  NEEDS 


Analysis  of  our  capital  needs  lends  little  support 
to  the  idea  prevalent  during  the  1930’s  that  we  had 
reached  economic  maturity  so  that  there  was  no  war 
to  invest  as  much  as  we  had  in  earlier  decades.  No 
one  has  ever  made  an  estimate  of  how  much  it  would 
cost  to  modernize  our  industrial  plant,  which  is  valued 
at  around  $200  billion  at  prewar  prices.  If  as  much  as 
a  third  of  it  needs  to  be  replaced  or  rebabilitated, 
around  $100  billion  (current  prices)  of  additional  in¬ 
vestment  will  be  required. 

In  addition,  huge  amounts  of  money  need  to  be  in-| 
vested  in  housing  and  public  works  to  raise  tbe  sen- 
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WHERE  INVESTMENT  DOLLARS 

(Figures  in  Billions  of  Dollars) 

GO 

(Annual  Averages) 

1920- 

1925- 

1930- 

1935- 

1940- 

(1944  Prices) 

1924 

1929 

1934 

1939 

1944 

1950 

1960 

Total  Capital  Investmont . 

$12/428 

$17,186 

$8,215 

$10,445 

$12,340 

$27700 

$33,000 

All  Industries  . 

7^0 

10,112 

5,272 

6,889 

8,089 

17,800 

21,125 

AAanufacturing  . 

1,996 

2,362 

1,074 

1,610 

3731 

4,200 

5,025 

Food  . 

261 

357 

194 

244 

228 

273 

Textiles  . 

227 

212 

92 

117 

175 

210 

Steel  . 

138 

188 

110 

192 

853 

1,021 

Autos . 

105 

150 

78 

146 

369 

441 

Ctiemicals  &  Petroleum  . 

70 

95 

68 

142 

928 

1,111 

AAachinery . 

- 

- 

- 

28 

180 

216 

Other  . 

510 

625 

213 

409 

1,462 

1,750 

Transportation  . 

1797 

2,303 

1,277 

1,822 

805 

4,300 

5,100 

Commercial  . 

1,196 

1,940 

777 

719 

833 

1,950 

2,300 

Utility  . 

693 

999 

483 

422 

780 

1400 

1,625 

Other . 

1,888 

2,508 

1,661 

2,316 

1,940 

3,950 

4700 

Consumer  Construction  . 

3,806 

5457 

1447 

2,256 

2,912 

7,200 

8455 

Government  Construction  . 

1/152 

1417 

1496 

1,299 

1,338 

2700 

3420 

ova  THE  YEARS  ABOUT  I/5  OF  TOTAL  OUTPUT  IS  PLOWED 
back  as  investment 


M- 


BUT  THE  AMOUNT  PLOUGHED  BACK  VARIES  GRUTLY  FROM  GOOD 
YEARS  TO  BAD,  ACCENTUATING  THE  SWINGS  OF  THE  BUSINESS  aCU 
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ces  provided  merely  to  adequate  levels.  The  20th 
^ntury  Fund  estimates  that  the  cost  of  a  15  year 
irogram  to  modernize  our  city  streets  and  rural 
lighways  would  run  to  $40  billion.  To  bring  the 
lation’s  housing  up  to  minimum  standards  of  health 
nd  decency  by  1960  would  cost  $115  billion.  To 
^u^rve  our  natural  resources  and  develop  our  wa« 
er  power  would  cost  $27  billion  over  a  15  year 
)eriod. 

There  seems  to  be  little  question  that  needs  exist 
or  all  the  capital  investment  we  can  make  for  a  long 
ime  to  come.  The  behavior  of  investment  in  the  past 
trongly  suggests  that  the  problem  is  not  one  of  lack 
>f  needs  but  one  of  finding  ways  to  add  to  our  capital 
n  an  orderly  fashion.  Capital  investment  has  followed 
he  boom  and  bust  route  in  the  past;  what  is  wanted 
B  a  high  but  steady  rate  of  investment. 

VARTIME  INVESTMENT  DEFICIT 

Demand  for  capital  goods  is  stronger  right  now 
than  ever  before,  largely  because  of  the  backed-up 
tKoeds  arising  out  of  the  war.  Here  is  how  wartime 
^Kpenditures  for  capital  goods  which  can  be  used  in 
poacotime  production  compared  with  expenditures 
in  the  last  5  years  of  both  the  1920*s  and  1930’s: 
■Figures  in  billions  of  dollars) 


1925-1929  1935-1939*  1940-1944 


otal  (Capital  inveatment 

$86 

$65 

$49 

Induatrial 

51 

43 

32 

Manufacturing 

Metals,  chemicals,  machinery. 

12 

10 

14 

petroleum 

6 

6 

11 

All  Other 

6 

4 

3 

Cuinmercial 

10 

5 

3 

Railroads 

5 

3 

3 

Electric  power 

5 

3 

3 

Con'^umer  Construction 

28 

14 

12 

Public  Works 

7 

8 

5 

'Adjusted  to  Wartime  Prices 


^  artime  restrictions  held  investment  in  all  civilian 
-  far  below  what  would  be  spent  in  prosperous 
K‘  •"  time  years.  Thus,  there  was  a  backlog  of  invest- 
[•T'nt  needs  at  the  end  of  the  war  which  ran  to  more 
-'•"  S30  billion,  if  the  1925-1929  demand  can  be 
liven  as  typical.  Whatever  the  precise  size  of  the  back- 
<'4-  it  is  clearly  great  enough,  when  added  to  the  nor- 
1:1 1  yearly  demand  for  new  investment,  to  keep  the 
'vy  goods  boom  going  for  some  time  to  come.  The 
of  our  ability  to  stabilize  capital  investment  will 
'!•  e  later. 

There  is  also  a  huge  foreign  demand  for  American 

»^l'ital.  How  far  we  will  go  toward  meeting  this  de- 
'•n'l.H  largely  on  whether  international  political  and 


economic  conditions  are  stable  enough  to  make  pri¬ 
vate  foreign  investment  a  good  risk. 

If  we  invest  abroad  in  the  same  proportion  we  did 
in  the  late-1920’s,  our  foreign  investments  will  total 
$1.6  billion  during  the  year  1950  and  $1.5  billion  in 
the  year  1960.  This  will  mean  a  net  increase  in  our 
foreign  holdings  of  $15  billion  during  the  1950’8, 
raising  the  total  of  such  holdings  to  about  $25  billion, 
as  against  a  total  of  $10.6  billion  in  1940. 

To  make  that  much  foreign  investment  pay  out,  an 
expanding  volume  of  world  trade  would  be  required. 
Foreign  nations  would  have  to  get  enough  dollars  not 
only  to  pay  for  goods  they  bought  from  us  but  also  to 
pay  interest  and  dividends  on  U.  S.  investments.  If  our 
overseas  investments  increase  to  $25  billion  by  1960, 
annual  interest  and  dividends  owed  us  will  run  to 
almost  $1^  billion. 

To  pay  us  that  much,  foreign  nations  would  have 
to  sell  much  more  in  the  U.  S.  than  ever  before.  The 
20th  Century  Fund  calculates  that  imports  of  $7.3  bil¬ 
lion  in  1950  and  $8.1  billion  in  1960  would  provide 
other  countries  with  the  dollars  they  need.  Imports 
ran  to  $2.5  billion  in  1940  so  we  would  have  to  buy  3 
times  as  much  abrpad  to  keep  expanding  our  foreign 
investments. 

With  good  business,  U.  S.  demand  for  imported 
goods  should  be  well  above  prewar.  Rising  living 
standards  will  widen  the  market  for  such  consumer 
items  as  British  tweeds  and  French  perfumes.  More¬ 
over,  we  will  need  to  import  more  raw  materials  than 
ever  before  because  we  used  up  our  natural  resources 
at  a  prodigious  pace  during  the  war. 

NEW  INDUSTRIES 

The  new  methods,  materials,  and  products  devel¬ 
oped  during  the  war  may  well  have  a  more  profound 
and  lasting  effect  on  future  capital  requirements 
than  the  backed-up  demands  accumulated  in  war¬ 
time.  Here  are  some  of  the  wartime  developments 
which  may  have  important  peacetime  applications: 
new  chemical  processes  and  products  including  syn¬ 
thetic  rubber,  plastics,  synthetic  fibers  and  fabrics; 
new  food  products  and  new  methods  of  food  process¬ 
ing;  new  uses  for  glass,  plywood,  and  the  light  me¬ 
tals;  tremendous  advances  in  aviation;  and  new 
applications  of  atomic  energy  and  fissionable  prod¬ 
ucts  in  power  production  and  medicine. 

Large  capital  expenditures  will  be  required  to 
push  these  developments  further  and  adapt  them  to 
civilian  use.  New  businesses  and  perhaps  entire  new 
industries  will  grow  up,  adding  to  the  demand  for 
capital  goods  for  many  years. 


THE  COST  OF  GOVERNMENT 

To  the  traditional  certainty  of  death  and  taxes  can 
be  added  the  certainty  that  the  cost  of  government 
will  take  a  much  larger  share  of  national  income 
than  ever  before  in  peacetime.  After  the  Civil  War 
and  again  after  World  War  I,  federal  expenditures 
moved  up  to  a  level  four  times  prewar.  And  it  is  al* 
ready  clear  that  World  War  II  is  going  to  have  about 
the  same  effect. 

In  1940,  federal,  state,  and  local  governments 
spent  $19  billion,  of  which  a  total  of  $2.2  billion 
went  for  national  defense,  veterans,  and  interest  on 
the  war  debt.  By  1950,  the  20th  Century  Fund  es- 
tin^tes  that  all  governmental  units  in  the  U.  S.  will 
be  spending  more  than  $45  billion.  Federal  expendi¬ 
tures  are  estimated  at  $27.6  billion  in  that  year  as 
against  $9  billion  in  1940. 

Part  of  the  increase  is  explained  by  higher  post¬ 
war  prices.  Adjusting  for  price  changes  would  reduce 
the  1950  figure  from  $45  billion  to  $33.5  billion. 
This  is  still  80%  above  the  1940  level.  Increased 
expenditures  for  public  works,  social  insurance,  and 
schools  explain  another  small  part  of  the  rise. 

But  costs  arising  out  of  the  war  are  by  far  the  most 
important  factor.  Military  and  veterans*  expenditures 
and  interest  on  the  war-swollen  national  debt  will 
add  up  to  over  $17  billion  in  1950.  This  is  only  10% 
less  than  total  government  expenditures  in  1940. 

The  only  major  category  of  government  expense 
which  would  be  lower  in  1950  is  welfare.  With  nigh- 
level  employment  and  more  social  insurance,  relief 
and  other  welfare  costs  should  run  to  $2.5  billion 
in  1950  as  against  $3  billion  in  1941. 

The  following  paragraphs  describe  important 
trends  in  the  major  items  of  government  expense. 


The  20th  Century  Fund  assumes  that  we  will  main¬ 
tain  an  armed  strength  of  2  million  men  (including 
trainees)  and  that  it  will  cost  $3,300  to  equip  and 
maintain  each  man,  so  total  military  expenditures  will 
run  to  $6.6  billion.  But  even  if  we  decide  to  maintain 
a  smaller  armed  strength,  the  total 
cost  might  easily  be  at  least  $6.6  bil¬ 
lion  because  the  present  per  service¬ 
man  cost  of  over  $6,000  a  year  may 
not  decline. 


VHERANS 


OOVERNMiNT 


It  will  cost  at  least  $2.9  billion  to 
take  care  of  veterans  in  1950  even  if 
benefits  are  not  increased.  That*s  5 
times  the  1941  cost.  Pensions  for 
World  W'ar  I  veterans  rose  steadily 
from  $116  million  in  1924  to  over  $300  million  in  1945. 
That  rise  will  continue  for  another  20  years.  By  far  the 
largest  expense  will  be  for  World  War  II  pensions 
which  are  already  costing  $900  million.  Disability  and 
death  benefits  will  cost  about  $1^  billion  in  1950; 
hospitalization  will  add  another  $250  million;  and 
insurance  $150  million. 


SOCIAL  SECURITY 

Future  expenditures  for  social  security  will  depend 
on  whether  steps  are  taken  to  extend  coverage  and 
liberalize  benefits.  Over  60  million  people  are  now 
covered  so  the  cost  is  certain  to  increase  rapidly  as 
more  of  them  begin  to  draw  payments.  With  high- 


WHY  THE  COST  OF  GOVERNMENT  HAS  INCREASED.  Ths 
$25.6  billion  btcreoM  in  cost  from  1913  to  1941  was  d«o  to: 


level  employment  in  1950,  estimated  old  age  and  uii' 
employment  benefits  imder  the  present  system  would 
run  to  over  $5  billion.  Expansion  of  benefits,  as  recom¬ 
mended  by  the  Social  Security  Board,  would  raise  the 
cost  to  over  $9  billion. 

PUBLIC  WORKS 

Even  an  economy-minded  Congress  is  almost  cer¬ 
tain  to  go  along  with  expenditures  for  hi^ways,  air¬ 
ports,  waterways,  flood  control  and  conservation.  Thus, 
an  increase  in  expenditures  for  transportation  and 
natural  resources  from  less  than  $2.5  billion  to  over  $5 
billion  in  1950  seems  probable. 

SCHOOLS 

Education  ranks  third  among  all  government  ex¬ 
penditures.  In  1941  we  spent  almost  $2.5  billion- 
10%  of  all  government  dollars— on  schools.  Teachers’ 
salaries  account  for  almost  three-quarters  of  the  total 
cost  so  the  trend  towards  higher  salaries  will  boost 
the  nation*8  bill  for  education. 


WHERE  TAX  DOLLARS  GO 

(Hgurer  in  Billions  of  Dollars) 

1913 

1932 

1941 

(1944  Prices) 
1950  1960 

All  Government 

Expenditures  . . . 

...  2.5 

12.4 

23.1 

45.5 

507 

Federal  .... 

...  0.7 

4.3 

12.9 

27.6 

28.6 

State  . 

...  0.2 

1.8 

3.6 

7.0 

9.3 

Local  . 

...  1.6 

6.3 

6.6 

10.9 

12.8 

Military  . 

. . .  0.27 

0.7 

6.1 

6.6 

6.6 

Veterans  . 

...  0.18 

0.8 

0.6 

2.9 

3.2 

Interest  . 

...  0.15 

1.3 

1.7 

7.9 

8.1 

Social  Insurance  . 

...  — 

0.2 

1.9 

77 

87 

.  Welfare  &  Health 

...  0.31 

1.5 

4.1 

4.0 

4.1 

Education  . 

. . .  0.65 

2.5 

2.7 

37 

4.3 

Public  Works  .... 

...  a. 

a. 

a. 

5.6 

7.1 

Transportation  . . . 

. . .  0.40 

1.9 

2.0 

1.8 

27 

Natural  Resources 

. . .  0.03 

0.6 

1.4 

1.2 

1.1 

Police  &  Fire  .  . . . 

...  0.19 

0.7 

0.7 

1.0 

1.1 

Other  . 

_  0.40 

2.4 

2.0 

3.0 

3.6 

a.  Included  in  other  groups. 


natural  resources 

The  war  left  the  U.  S.  with  a  depleted  supply  of 
most  natural  resources,  and  with  critical  shortages 
of  some  of  the  most  essential  minerals.  Nevertheless, 
lack  of  natural  resources  should  not  he  a  limiting 
factor  on  our  productive  capacity.  With  relatively 
free  access  to  world  markets,  we  should  be  able  to 
get  all  the  raw  materials  we  need.  And,  even  if  we 
were  denied  access  to  world  markets,  we  could  use 
our  low-grade  reserves  and  develop  substitutes  with¬ 
out  causing  a  prohibitive  reduction  in  our  living 
standards,  though  everyone  would  feel  the  effects  in 
one  way  or  another. 

The  U.  S.  economy  consumes  about  a  billion  and 
a  half  tons  of  raw  materials  each  year,  or  about  11.5 
tons  per  person.  Of  this  3.5  tons  are  coal,  1.5  tons 
are  petroleum,  and  iron  and  copper  ore  each  con¬ 
tribute  about  a  half  a  ton.  In  1939  the  value  of  un¬ 
refined  minerals  output  was  $4.2  billion  and  2%  of 
all  workers  were  engaged  in  mining  or  lumbering. 

FUTURE  REQUIREMENTS 

The  level  of  industrial  production  projected  by  the 
20th  Century  Fund  would  raise  minerals  requirements 
a  third  above  1940  by  the  year  1950  and  50%  above 
1940  a  decade  later.  Here  is  how  natural  resources 
requirements  in  the  1950  decade  would  compare  with 
1940  and  the  wartime  peak:  (Index  numbers,  1940 


equals  100) 

ITortime 

Peak 

1950 

1960 

All  minerals 

138 

.  133 

151 

Metals 

157 

117 

126 

Fuels 

130 

141 

164 

Other 

141 

128 

142 

Lumber 

126 

93 

76 

Electric  Power 

159 

173 

224 

Manufactured  Gas 

120 

-  94 

75 

The  capacity  of  our  supplies  of  natural  resources 
to  support  future  levels  of  output  cannot  be  deter¬ 
mined  with  any  great  accuracy.  It  will  depend  on 
the  size  of  our  reserves  and  on  our 
ability  to  use  supplies  more  econom¬ 
ically  and  develop  substitutes. 

WITH  THE  Because  there  is  no  way  to  meas- 

I  ure  these  factors  with  any  degree  of 
RESOURCES  ^  precision,  all  estimates  of  the  num¬ 
ber  of  year’s  supply  are  subject  to 
AVAILABLi  . .  •  wide  errors.  However,  such  estimates 
are  useful  in  directing  attention  at 
those  resources  where  every  effort 
should  be  exerted  to  develop  new 
supplies,  substitutes,  and  more  economical  methods 
of  use. 

BIGGEST  PROBLEMS:  LEAD  AND  ZINC 

Commercial  grades  of  zinc,  lead,  and  bauxite  will 
be  exhausted  before  1960  even  if  the  rate  of  use  is 
cut  to  half  the  wartime  rate.  Supplies  of  petroleum 
and  natural  gas  —  which  furnish  40%  of  our  energy 
—  will  last  longer  than  20  years  but  their  partial  de¬ 
pletion  will  raise  many  technical  and  economic  prob¬ 
lems  long  before  that  time.  Possible  exhaustion  of 
high-grade  deposits  of  such  minerals  as  iron  and 
copper  in  the  foreseeable  future  will  stimulate  de¬ 
velopment  of  processes  to  use  low-grade  deposits. 

We  have  been  discovering  more  and  more  ways  to 
stretch  our  supplies  of  natural  resources,  however. 
In  the  case  of  tin,  the  electroplating  process  saves  50% 


of  the  tin  used  in  tinplate  production.  The  electric 
power  industry  uses  less  than  40%  as  much  coal  per 
kwh  now  as  in  1920.  The  development  of  new  ma¬ 
terials  and  new  ways  of  using  old  materials  also  ex¬ 
pands  our  resource  capacity. 

Our  bituminous  coal  reserves  are  adequate  for 
over  a  thousand  years  even  at  the  wartime  rate  of 
use,  though  production  costs  might  rise  substantially 
as  inferior  coal  beds  were  used.  After  that,  there  are 
huge  deposits  of  sub-bituminous  coal  and  lignite 
which  could  carry  us  along  for  another  thousand 
years.  In  comparison,  maximum  petroleum  reserves 
are  minute,  adequate  only  for  about  30  years  con- 
smnption  at  the  current  rate.  That  is  why  the  experts 
are  trying  to  find  ways  to  produce  oil  from  coal 
cheaply  enough  to  be  commercially  feasible. 

Even  though  we  have  been  using  up  lumber  faster 
than  it  grows,  there  is  little  doubt  that  enough  will 
be  available  in  the  future  to  meet  at  least  minimum 
needs.  Annual  timber  growth  runs  to  about  32  billion 
board  feet.  But  we  cut  over  40  billion  board  feet  a 
year  before  the  war  and  lost  another  6  billion  through 
fire,*  insects,  and  disease.  An  adequate  conservation 
program  could  increase  annual  growth  enough  to  off¬ 
set  this  depletion. 


OUR  NATURAl  RESOUta  RESERVES 
Yem  rtquirtd  to  exhaust  supplies 


•ITUMINOUS  COAl 


INDUSTRIAL  CAPACITY 

At  the  end  of  World  War  II  U.  S.  industry  found 
itself  with  surplus  capacity  in  some  lines  and  serious 
deficiencies  in  others.  There  was  more  than  enough 
aircraft,  machine  tool,  and  synthetic  ruhher  capacity 
but  not  nearly  enough  sheet  steel,  copper,  or  electri* 
cal  machinery  capacity  to  meet  pent-up  demands. 

War  experience  showed,  "however,  that  industrial 
capacity  can  be  expanded  enormously  in  a  few  years, 
given  the  need  and  the  funds.  Thus  lack  of  industrial 
capacity  should  not  prove  a  bottleneck  to  meeting; 
the  demands  of  consumers  in  the  1950  decade. 

A  rough  estimate  places  our  total  investment  in 
industrial  facilities  (manufacturing,  mining,  trans¬ 
portation,  and  distribution)  at  $200  billion.  Just  how 
much  capacity  industry  as  a  whole,  or  any  given  in¬ 
dustry,  has  is  impossible  to  measure. 

Capacity  is  a  most  elusive  concept.  In  a  technical 
sense,  the  capacity  of  an  industry  is  the  combined 
production  of  all  its  plants  working  24  hours  a  day, 
365  days  a  year,  less  an  allowance  for  repairs,  break¬ 
downs,  and  other  technical  factors.  Actual  capacity 
is  far  less,  however.  Some  facilities  are  obsolete  or 
high-cost.  Supplies  of  raw  materials  and  components 
may  be  insufficient  to  keep  assembly  plants  running 
full-steam.  Moreover,  demand  for  many  products 
isnH  great  enough  to  support  round-the-clock  pro¬ 
duction. 

PLENTY  OF  CAPACITY 

During  the  past  quarter  century,  however,  experi¬ 
ence  shows  that  we  have  had  more  than  enough 
overall  capacity,  and  more  than  enough  capacity  in 
almost  every  industry,  to  meet  all  demands.  An  ex¬ 
tensive  study  showed  that  even  in  1929  only  the  steel 
and  machine  tool  industries  were  definitely  operat¬ 
ing  at  capacity. 

The  CTowth  of  productivity  as  old  machines  are 
replaced  with  new  and  more  efficient  ones  and  as 
new  techniques  are  developed  is  one  of  the  main 
reasons  why  industrial  capacity  more  than  keeps 
pace  with  markets.  The  depression  of  the  1930*s  led 
to  a  net  retirement  of  about  5%  of  total  manufac¬ 
turing  facilities  hut  manufacturing  plants  in  1939 
could  have  turned  out  a  quarter  more  than  in  1929 
because  productivity  was  a  third  higher. 

Whenever  an  industry*s  output  begins  to  approach 
technical  capacity,  it  becomes  profitable  to  purchase 
new  and  more  efficient  equipment  to  replace  or  sup¬ 
plement  existing-  machines  so  that  a  certain  amount 
of  excess  capacity  seems  to  be  inevitable  in  a  free 
enterprise  system. 

Estimates  of  the  level  of  industrial  production  in 
different  lines  under  conditions  of  high-level  employ¬ 
ment  during  the  1950  decade  are  shown  jn  the  chart. 
They  assume  that  past  trends  will  continue  so  that 
they  give  only  a  rough  idea  of  what  would  happen 
to  output  in  each  industry.  Unpredictable  shifts  of 
consumer  demand  or  new  product  developments 
might  cause  a  big  change  in  the  pattern  of  industrial 
production.  Such  estimates  are,  nevertheless,  useful 
in  that  they  provide  a  clue  to  lines  where  the  largest 
increases  may  take  place. 

None  of  the  projected  increases  are  so  large  as  to 
tax  our  ability  to  provide  enough  capacity.  This  is 
not  to  say  that  there  will  be  no  bottlenecks  because  of 
lack  of  capacity  for  certain  components,  for  instance. 
However,  we  should  be  able  to  make  good  in  short 
order  any  deficiencies  of  that  sort  that  may  develop. 


demands  versus  needs 

Despite  the  substantial  increase  in  living  standards 
which  would  be  possible  with  high-level  production 
and  employment  in  the  1950  decade,  many  U.  S. 
consumers  will  be  unable  to  buy  enough  of  life's 
necessities  to  maintain  themselves  at  a  health  and  ' 
decency  level.  Almost  30%  of  all  families  would  re¬ 
ceive  less  than  $1,000  a  year  cash  income  and  one- 
third  of  this  group  would  receive  less  than  $500. 

The  20th  Century  Fund  asked  a  series  of  experts 
to  estimate  the  quantities  of  food,  clothing,  housing, 
medical  care,  and  other  things  needed  to  provide  a 
standard  of  living  at  a  minimum  health  and  decency 
level.  The  experts  also  figured  out  how  much  it  would 
cost  to  bring  everyone  expected  to  be  below  that  stand¬ 
ard  in  1950  and  1960  up  to  the  calculated  level.  In 
other  words,  the  estimates  show  the  cost  of  establish¬ 
ing  a  “floor"  for  consumption  without  disturbing  the 
spending  patterns  of  those  who  received  more  than 
enough  income  to  satisfy  the  calculated  minimum 
needs. 

ESTIMATES  OF  NEEDS 

Any  estimate  of  “needs”  must  rest  upon  someone’s 
opinion  as  to  what  constitutes  “health  and  decency” 
in  this  day  and  age.  In  the  case  of  food,  the  nutri¬ 
tional  requirements  of  a  minimum  health  and  de¬ 
cency  standard  can  be  determined  accurately.  In 
other  fields,  such  as  housing  and  education,  even  the 
experts  would  disagree  over  what  constitutes  a  mini¬ 
mum  standard. 

However,  what  is  important  is  not  the  precise  size 
of  the  estimates  but  their  general  magnitudes.  The 
conclusion  that  we  would  have  to  spend  about  50% 
more  on  medical  care  than  we  are  likely  to  in  1950 
is  important  even  if  the  experts’  appraisals  of  the  defi¬ 
cit  range  from  as  high  as  60%  to  as  low  as  40%. 

To  fill  total  needs  calculated  in  this  manner  would 
require  production  of  $200  billion  of  goods  and 
services  in  1950  or  13%  more  than  the  $177  billion 
which  would  be  turned  out  with  high-level  produc- 

_ tion  and  employment.  In  I960,  es- 

^  j  timated  production  would  fall 
j  short  of  needs  by  8%.  Food  ac- 
counts  for  the  biggest  share  of  the 
TO  MOT  deficit  but  needs  outrun  demand  by 

important  margins  in  housing, 
ALMOST  ALL  medical  care,  education,  and  social 
security. 

OUR  NEEDS  To  provide  nutritionally  ade¬ 

quate  moderate-cost  meals  for 
those  unable  to  afford  them  would 
add  $5.5  billion  to  the  $27.2  billion 
that  would  actually  be  spent  on 
food  in  1950.  This  assumes  no  change  in  diets  of  those 
with  adequate  incomes  despite  the  fact  that  many 
people  in  those  groups  do  not  eat  what  they  should. 
If  we  all  ate  what  we  needed,  we  would  consume  twice 
as  many  fresh  vegetables  as  in  1940,  half  again  as  much 
milk,  more  fruits  and  tomatoes;  and  we  would  eat 
(^mailer  quantities  of  sugar,  sirups,  fats,  and  oils.  This 
better  diet  would  cost  us  less  than  we  will  actually 
Impend  for  food  in  1950. 

So  large  a  portion  of  our  existing  housing  is  un¬ 
satisfactory  by  any  reasonable  standards  that  it  would 
take  10-15  years  to  provide  everyone  with  adequate 
!  lousing.  One  of  the  reasons  why  we  don’t  have  ade¬ 
quate  housing  is  that  many  consumers  cannot  afford 
to  pay  enough  rent  to  finance  it.  Estimated  expendi¬ 
tures  in  1950  for  rent  (including  the  estimated  rental 


value  of  owner-occupied  homes)  would  run  to  $14 
billion  as  against  an  estimated  need  of  $16.4  billion. 

Vast  advances  in  medicine  have  gone  far  toward 
eliminating  many  diseases  and  have  brought  about  a 
steady  improvement  in  the  standard  of  health.  How¬ 
ever,  large  numbers  of  people  in  the  lower  income 
groups  cannot  afford  adequate  medical  care.  More¬ 
over,  to  supply  good  medical  care  for  everyone  under 
the  traditional  fee-for-service  basis  would  cost  several 
times  more  than  consumers  have  ever  spent  for  medical 
services  even  in  prosperous  years.  Development  of  an 
effective  form  of  group  medicine,  however,  would 
make  it  possible  to  provide  adequate  care  at  a  great 
saving  over  present  costs,  according  to  the  20th  Century 
Fund. 


HOW  CONSUMPTION  WOULD  COMPARE  WITH  TOTAL  NEEDS 
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HERE'S  AN  EIMAC  TRIODE  .  .  .  THE  3X2500F3  .  .  .  specially 
designed  to  deliver  5  kw  into  industrial  loads  with  a  plate  voltage 
of  only  3500  volts.  This  low  plate  voltage  contributes  to  safety 
as  well  as  reliability  of  equipment.  The  tube  operates  at  effi¬ 
ciencies  as  high  as  80  per  cent,  not  only  in  induction  heating 
service  at  200-500  kc,  but  also  in  dielectric  heating  service  at 
1.5-40  Me.  Operation  at  5000  plate  volts  gives  an  output  of 
7.5  kw. 

Physically  the  3X2500F3  bears  the  following  specific  advan¬ 
tages  for  industrial  application: 


PRICE  $165  each 


Follow  the  Leaders  fo 


HIGH  EFFICIENCY  AND  HIGH 
POWER  WITH  LOW  VOLTAGE 


EIMAC  3X2500F3  POWER  TRIODE 
ELECTRICAL  CHARACTERISTICS 


FiUment;  TherUtad  tunqstan 

Vottaqa . .  ..  7.5  volt* 

Currant  ...........  41  amp. 

Maximum  itartinq  currant  ....  100  amp. 

Amplification  Factor  (Avaraqa)  ....  20 

Diract  Intaralactroda  Capacitancat  (Avaraqa) 

6rid-Flata . 20  uuf 

Grid'Filamant  .........  4|  uuf 

Flata-Filamant  .........  |.2  uuf 


Trantconductanca  (i^*l30  ma,  E^*  3000  v)  20,000  umho 

RATINGS  AND  OPERATION 

Clait-C  Oroundad-Filamant  R-F  Oscillator 
or  Fo.war  Amplifiar 
Maximum  Ratinqs  Balow  40  Me 
D-C  Flata  Voltaqa  5000  volt* 

D-C  Plata  Currant  .  2  amp 

Plata  Dissipation  ..........  2500  watts 

Grid  Dissipation  ..........  IM  watts 

Typical  Oparation  Balow  40  Me,  par  tuba 

D-C  Plata  Voltaqa  .....  3500  4000  5000  volts 

D-C  Plata  Currant . I.S  1.4  2.0  amp 

D-C  Grid  Voltaqa  -  .  •  .  -420  —  340  -  400  volts 
D-C  Grid  Currant  .....  0.5  0.4  0.5  amp 

Paak  R-F  Grid  Input  Voltaqa  •  735  430  710  volts 

Drivinq  Powar  (Approximata)  325  237  337  watts 

Grid  Dissipation . .120  IB  141  watts 

Plata  Input  .......  4.3  (.4  io  kw 

Plata  Dissipation . 1.3  1.4  2.5  kw 

Plata  Powar  Output  ....  5  5  7.5  kw 


COOLER  .. 


Unusually  •fficiant..only  74  cfm  of  air  at 
ambiant  famparafura  of  25  C  and  static 
prassura  of  I  in.  of  watar  raquirad  to  kaap 
coolar  cora  at  ratad  150*  C. 


S  m  m  m  IvAdt-convanianca  and  aconomy  of 

mounting  and  connaction.  Rugged  design 
for  rough  service. 


FILAMENT., 


Thoriatad  tungsten  gives  required  electron 
amission  with  minimum  powar  consumption 
and  long  useful  life.  Operates  at  7.5  volts, 
48  amp. 


Further  details  on  this  useful  new  triode,  the  3X  2500F3,  are 
yours  for  the  asking.  Write: 


EITEL-McCULLOUGH,  INC. 

1721  San  Mateo  Ave.,  San  Bruno,  California 


EXPORT  AGENCY:  FRAZAR  I  HANSEN 
301  Clay  St.,  San  FranclKO  II,  California,  U.S.A. 
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NOW!  miniature  dry 
electrolytics  that  are 
STARTLINGLY  small 


OOLAR'S  newest  development  in 
dry  electrolytics  is  the  sensationally  small 
Type  LB  desi^. 

Basis  of  the  great  size  reduction  is  a  new 
method  of  producing  unprecedentedly  high- 
gain  and  stable  etched  foil,  product  of  a  long¬ 
time  Solar  research  program. 

By  using  Type  LB  capacitors,  circuit  design¬ 
ers  will  no  longer  be  hampered  by  the  space 
limitations  of  conventional  electrolytics  when 
they  specify  high  values  of  capacitance  for  by- 
pau,  coupling,  and  audio  filter  applications. 

Standard  d-c  working  voltage  ratings  for 
"LITTLE  ELLBEES"  range  from  1 .5  to  1 50  volts. 
The  ntaximum  a-<  ripple  voltage  which  may 
be  applied  to  100,  125,  and  150  volt  capaci¬ 
tors  is  7  volts  at  60  cycles  or  3.5  volts  at 
120  cycles. 

Maximum  capacitances  for  each  working 
voltage  in  the  standard  x  114"  and  %"  x 
1%"  tube  sizes  is  as  follows: 


wvoc 

Max.  Mf. 

X  1V4" 
Tube 

Max.  Mf. 

H"  X  \W 

Tube 

150 

8 

12 

125 

10 

15 

100 

12 

18 

70 

18 

25 

50 

25 

35 

25 

35 

50 

15 

80 

120 

_ LLj 

200 

300 

Type  LB  miniature  dry  electrolytics  are  the 
answer  to  many  hitherto  unsolvable  design 
and  manufacturing  problems  where  space 
counts.  Investigate  today  I 


QUALITY 

ABOVE 

ALL 


mnnuFflCTURinc 

CORPORRTIOn 

• 
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BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 


Reconling  Devices  that  can  be 
hitched  up  to  a  telephone  represent 
a  new  market  that  will  reach  size¬ 
able  proportions  if  an  FCC  deci¬ 
sion,  momentarily  awaited,  is  fa¬ 
vorable.  From  what  we  hear  via 
the  grapevine  it  appears  that  such 
use  of  electronic  equipment  will 
be  okehed,  provided  a  warning 
tone  is  used  to  indicate  that  con¬ 
versation  is  being  taken  down. 

Electronic  Cooking  has  railroad 
people  interested,  and  there  are 
good  economic  reasons  why  it 
should.  It  seems  that  they  rarely 
do  better  than  break  even  on  din¬ 
ing-car  service  because  the  heat¬ 
ing  and  other  gear  they  have  to 
carry  in  the  kitchen  eats  heavily 
into  space  available  for  tables. 
Electronic  ranges,  or  frozen-food 
defrosters,  or  heaters,  can  be 
made  very  compact,  and  turn  out 
food  in  a  hurry.  The  combination 
of  compactness  and  speed  is  par¬ 
ticularly  desirable  for  railroad  ap¬ 
plication,  and  cost  is  a  secondary 
factor. 

Magnetostriction  Transducers, 
widely  used  during  the  war  for  con¬ 
verting  electrical  into  ultrasonic 
sound  power  or  vice  versa  in  under¬ 
water  signalling  apparatus,  appear 
to  have  a  bright  future  commer¬ 
cially.  Instrument  makers,  particu¬ 
larly,  are  becoming  interested,  and 
an  oil  company  reports  that  units  in 
an  experimental  telemetering  sys¬ 
tem  designed  to  indicate  liquid  level 
or  pressure  at  remote  points  appear 
to  be  efficient,  simple,  and  rugged. 

Shortwave  Tuning  will  be 
dropped  from  most  home  radio  re¬ 
ceivers  now  being  designed,  ac¬ 
cording  to  sales  managers  queried 
on  this  point  by  Electronics.  Rea¬ 
sons  are  as  follows: 

(1)  F-M  is  a  better  sell-up  fea¬ 
ture.  (2)  Foreign  reception  is  of 
lasting  interest  to  very  few  cus¬ 
tomers.  (3)  Even  the  $2  to  $6  cost 
of  including  such  tuning  bulks  large 
at  a  time  when  consumer  resistance 
to  higher  list  prices  is  feared. 

There  is  some  reason  for  the  in¬ 
clusion  of  the  C-band  in  receivers 


destined  for  use  out  in  remote  re¬ 
gions  of  the  country  where  daytime 
coverage  by  standard-band  broad¬ 
cast  stations  is  shaky.  However, 
this  market  can  be  satisfied  with 
just  one  model  per  manufacturer. 
And  those  dark  spots  are  filling  in 
rapidly  with  new  f-m  and  a-m  sta¬ 
tions. 

Statistics  that  are  not  printed 
sometimes  do  more  good  than  those 
that  are.  That’s  why  we  omit  prog¬ 
nostications  regarding  the  number 
of  f-m  receivers  likely  to  be  made 
this  year  from  Business  Briefs 
this  month,  numerous  as  they  are. 

Production  figures  and  guessti¬ 
mates  on  the  number  of  sets  likely 
to  be  shipped  in  1947  just  don’t  jell. 
If  all  those  sets  are  really  to  be 
made  before  Christmas  rolls  around 
somebody  will  have  to  get  started 
producing  them  in  one  devil  of  a 
hurry. 

Labor  Efficiency  is  showing 
signs  of  improvement.  A  large 
manufacturer  of  power  tubes  re¬ 
ports  that  just  a  few  weeks  ago  not 
one  reject  reached  the  end  of  the 
production  line  during  a  five-day 
run,  something  that  never  hap¬ 
pened  before  in  the  firm’s  long  his¬ 
tory.  Improved  manufacturing  and 
testing  equipment  and  techniques 
are  undoubtedly  to  some  extent  re¬ 
sponsible,  but  it  still  could  not 
have  happened  had  labor  been  lax. 

Miniature  Tubes,  useful  in  all 
but  high-power  applications,  are 
coming  into  widespread  use  in  in¬ 
dustrial  as  well  as  communications 
equipment.  Designers  of  airborne 
gear,  particularly,  are  partial  to 
them.  One  manufacturer  is  plan¬ 
ning  a  line  of  premium  types  hav¬ 
ing  more  uniform  characteristics. 
Another,  centering  its  promotional 
campaign  around  miniatures,  pro¬ 
duced  less  than  25,000  a  year  be¬ 
fore  the  war  but  expects  to  sell 
eight  million  in  1947. 

Subminiature  types,  pushed  into 
the  limelight  by  their  use  in  prox¬ 
imity  fuse  equipment  during  the 
war  and  since  boosted  along  by  the 
recent  surge  in  demand  for  elec- 
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Trlidi'  Mark 


Tl!  y  D-RIBBOK 


r€^|»r4»flii€*er!N» 


iUSlCALLY 


The  Tuned-Ribbon  message  in  a  feu  uords 

“Starttingty  Realistic' 

jOne  of  the  many  superlatives  used  by  Electronic  Indusli 
magazine*  in  an  editorial  describing  this  new  development. 

It  brings  to  reproduced  music  something  that  was  not  there  befi 


TECHlViCALLY 


The  Tuned-Ribbon  Reproducer  actually 
meets  the  long  sought  for  theoretical  ideal  of  ^ 

•  Near-zero  mass  Linear  response  to  15  k.c. 

•  Practical  output  (about  —  30  db) 

•  Point  Pressure  14  grams  •  Jewel  point 
•  NO  torsional  action 


TUNED-RIBBON  Pickup 
model  STUDIO  -  81 
(actual  use  —  special 
arm  not  shoten) 


A  model  for  every 
purpose 


AVDAK  COMPANY 


*Send  for  complimentary 
reprint  of  this  editorial 


500  Fifth  Avenue  New  York  18 

CREATORS  OF  FINE  ELECTRO-ACOUSTICAL  APPARATUS  SINCE  191S 


lUSINESS  BRIEFS  (<;ontlnu«d) 

tronic  hearing  aids,  are  also  in¬ 
creasing  in  popularity.  One  large 
manufacturer  not  making  such 
types  before  the  war  now  has  a 
complete  line  of  experimental 
types.  Another,  long  active  in  the 
field,  has  sold  over  four  million  for 
commercial  use. 


8.  COaPW'f- ^ 

^oivufactWUA/^  of 
meuunoB,  mowm*  ‘  ^ 


Employers  Of  Engineers  select 
men  after  considering  the  follow¬ 
ing  factors,  listed  in  order  of  im¬ 
portance: 

(1)  IVrwdiallty 

(2)  .Scholastic  rpi-onl 

.  Cl)  KiiKlnpcriiiK  experience 

(4)  Kvldciicc  of  ability  to  cooperate  with 
others 

|.'i)  KecoiiinieiKlatioii  of  tpialitied  persons 

(h)  Indicated  promise  for  executive  de- 
vcltdduent 

(7)  Standing  of  college  from  which  can¬ 
didate  graduated 

(8)  Salary  reciuested 

So  says  the  Engineers  Joint 
Council  at  the  conclusion  of  a 
survey  covering  19  fields  of  indus¬ 
try- 


SOMHSW  Sf  ' 

»n  DC  VOllAGl  ! 


The  Sorensen 

^.cXtronlcvoUaijerefi 

lation  provides  qulc  ^ 
chanirwlth  a  minim 

^ave  distortion  an 
regulation  accuracy 


German  Engineers  imported  at 
the  close  of  the  war  to  work  on 
rockets  are  now  offering  their  serv¬ 
ices  to  universities  and  to  indus¬ 
try.  It  seems,  says  our  Washing¬ 
ton  informant,  that  they’ve  been 
drained  of  useful  data  but  the 
Army  still  wishes  to  keep  them  on 
tap. 

The  idea  isn’t  working  so  well. 
American  engineers  apparently 
feel  that  they  will  have  enough 
competition  in  the  years  immedi¬ 
ately  ahead  without  importing  it. 


Arrante 

ceive  your  ^ 
copyo/th«^ 

electrontcs joi 

•^Currently  * 
tished  bt-mor 

This  same  el 

regulation  sys 

been  incorporate 

Nobatron,  pr® 
source  of  rein 
voltage  at  cun 
stabilities  th* 


Labor-Saving  Devices  are  be¬ 
coming  of  greater  interest  to  broad¬ 
cast  station  owners  as  well  as  to 
men  managing  electronic  equip¬ 
ment  factories.  They  are  putting 
the  heat  on  suppliers  to  come  up 
with  new  consoles,  transcription 
turntables,  monitors,  and  controls 
having  more  automatic  features. 

Suppliers  are  responding  by  put¬ 
ting  their  design  engineers  to  work. 
And  the  result  will  soon  be  seen,  in 
descriptions  of  tricky  new  gear 
within  the  pages  of  Electronics 
for  example. 

Supersonic  Power  is  doing  won¬ 
derful  things  in  laboratories  and 
under  water.  It  has  also  been  ap¬ 
plied  with  reasonable  success  to 
some  out-and-out  industrial  jobs 
but,  by  and  large,  applications  in¬ 
volving  large  objects  or  quantities 
so  far  seem  best  served  by  sim¬ 
pler  mechanical  and/or  electrical 


GENERAL  AC  REGULATOR  SPECIFICATIONS 

Input  Voltage  Rang*  (  —  1  med*l) . .  95-125 
(-2  niocl*n  .  .190-250 
Output  Voltog*  Rang*  (  —  1  mod*!)  ..110-120 
(  —  2  mod*l)  . .  220-240 

Load  Rang* . 25-30,000  V.  A. 

Regulation  Accuracy . Vi  of  1  % 

Haroionic  Distortion . 5%  Max.  (2%  in  “S"  Models) 

Input  Frequency  Rang* . 50-70  cycles 

Inductive  Power  Factor  Rang* . Down  to  0.7  P.F. 
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CANNON  ElECTRIC 

/DEVELOPMENT  COMPANY 


3209'  Humboldt  Street,  Los  Angeles  31,  California 

Canada  S  BritUh  Empire  —  Connon  Electric  Co.,  ltd.,  Toronto,  Ontorio  •  World  Export 
Agents  (excepting  British  Empire)  Fratar  A  Hansen,  301  Cloy  St.,  San  Francisco  11,  Calif. 


shake-'em-up  devices.  Homojfen- 
izing  of  milk  is  a  good  example. 

Electronics  has  a  bright  enough 
future  doing  things  that  simply 
cannot  be  accomplished  by  other 
methods,  or  doing  things  cheaper 
or  better.  Attempts  to  push  the 
art  further  or  faster  than  it  should  . 
go  are  detrimental  rather  than 
helpful  to  its  commercial  accept¬ 
ance  and,  hereafter,  we  propose  to 
lay  that  thought  right  on  the  lino¬ 
type  once  in  awhile. 

First  Quarter  Production  of  ra¬ 
dio  receivers  by  RMA  members 
totalled  4,231,415.  Sales  in  the  ini¬ 
tial  three  months  of  1947  reflected 
declining  consumer  interest  in 
table  types,  increasing  interest  in 
consoles  and  combinations. 

Television  receivers  totalled  18,- 
329,  and  a-m  and  f-m  types  172,176. 

Radio  Dispatching  for  taxicabs 
pays  off.  The  company  about 
which  we  wrote  a  few  months  ago 
(p  97,  March)  reports  that  busi¬ 
ness  is  up  45  percent  as  against 
last  year,  and  attributes  most  of 
the  increase  to  its  ability  to  han¬ 
dle  more  calls. 


Type  Y6-4f-3H 
(Li*f  $6.97 
l»u  contacts 
and  plug) 


FOR  RADIO  and 
LOW  AMPERAGE 
CIRCUITS 

TYPE  Y6 


MULTIPLE-TO-SINGLE 
DISCONNECT  . 


This  compact  and  flexible  termi¬ 
nal  block  for  radio  equipment  and 
other  low  amperage  circuits  han¬ 
dles  single-to-single  and  multiple- 
to-single  or  multiple-to-multiple 
circuits  easily  and  quickly.  Cir¬ 
cuits  may  be  bussed,  or  used  with 
resistors  or  capacitors  in  mary 
combinations. 

VERTICAL  OR  HORIZONTAL 
UNITS  MAY  BE  ADDED.  A  desir¬ 
able  feature  is  the  ease  of  adding 
units,  starting  with  the  basic  sin¬ 
gle  unit,  Y6-1F-1H,  shown  at  left. 
The  Tenite  strip,  which  also  serves 
as  an  interlocking  part,  may  be 
lettered  or  numbered  by  the  user 
as  required.  (See  above.) 

SPECIFICATIONS.  Foot  and  side 
brackets  are  steel;  unit  terminal 
blocks  and  six  contact  plugs  are 
molded  phenolic.  Contacts  are 
brass,  silver  plated,  and  will  ac¬ 
commodate  No.  16  B&S  stranded 
wire  for  5  amperes.  Solder  pots 
are  tinned. 


Six  S-omp.  contact  Plug  lUst  86 f  I 


Phonograph  Record  Production 
will  probably  reach  400  million  in 
1947.  Popular  records  accounted 
for  approximately  70  percent  of 
the  volume  last  year,  with  juke 
boxes  representing  the  largest  sin¬ 
gle  market. 


Master  Antennas  for  television 
(see  p  96,  May)  are  badly  needed, 
now  that  New  York  realtors  have 
turned  down  the  Television  Broad¬ 
casters  Association  interim  plan 
which  would  have  permitted  sev¬ 
eral  apartment  house  tenants  to 
use  one  dipole.  The  realtors  may 
eventually  relent,  but  it  is  obvious 
that  the  final  answer  is  still  in  the 
mind  of  some  bright  designer  .  .  . 
perhaps  one  who  will  read  this 
reminder  that  his  work  will  com¬ 
mand  a  premium  if  not  too  long 
delayed. 


Basic  Unit  Y6-1F-1H  ILIst  89tl 


Singlo  contacts— 5-amp.  (List  64  oa.) 


Available  through  jobbers  located  in  oil  principal  cities,  or  through  Cannon  Electric 
Engineering  Representatives.  Bulletin  Y6-2  available  upon  request.  Address  Dept. 
F-120.  Cannon  Electric  manufactures  a  complete  line  of  multi-contact  disconnect 
plugs  and  receptacles  for  radio,  povrer,  batteries,  radar,  television,  instruments, 
sound,  microphones,  general  electrical  equipment.  Also  hospital  signal  equipment. 


We  Watched  a  basketball  game 
relayed  front  Washington  to  New 
York  the  other  night  by  televi¬ 
sion  and  were  very  much  im¬ 
pressed.  Interference  developed 
somewhere  along  the  line  at  times, 
however,  and  the  herringbone  pat¬ 
tern  that  resulted  reminded  us 
that  we  need  a  new  suit. 
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CROSS 


TALK 


►  NUCLEONS  ,  .  .  Industrial  sciences  have  a  habit 
of  crystallizing  about  words  which  express  the  cen¬ 
tral  core  of  their  activity.  The  word  in  our  case  is 
“electron”,  coined  in  1874  by  G.  Johnstone  Stoney, 
“Electronics”  came  along  56  years  later.  Now  come 
two  new  words  of  equal  import,  “nucleon”  and  “nu¬ 
cleonics”.  To  the  best  of  our  knowledge,  the  latter 
term  came  first.  Zay  Jeffries  who,  as  chief  of  General 
Electric’s  chemical  department,  now  operates  the 
Hanford  plutonium  plant,  suggested  last  year  that  a 
word  was  needed  for  the  science  and  technology 
growing  out  of  our  new  knowledge  of,  and  control 
over,  the  atomic  nucleus.  The  word  caught  on.  Rea¬ 
soning  that  nucleonics  must  deal  with  nucleons, 
physicists  bethought  themselves  what  a  nucleon 
might  be.  We  first  encountered  the  term  in  the 
current  issue  of  the  American  Scientist,  in  which 
Princeton’s  Professor  John  A.  Wheeler  defines  nucleon 
as  a  general  term  for  the  nuclear  particles,  protons  and 
neutrons.  As  Keith  Henney  points  out  in  his  essay 
on  p  80  of  this  issue,  when  Electronics  started  in 
1930,  the  neutron  had  not  been  discovered.  Now,  less 
than  two  decades  later,  we  have  the  words,  and  the 
techniques,  on  which  to  build  a  new  industrial  science. 
We  can  only  hope  that  our  political  wisdom  will  soon 
meet  the  challenge  of  tame  nucleons  in  an  untamed 
world. 

►  CREDITS  .  .  .  Readers  of  technical  magazines,  we 
are  told,  want  to  know  who  takes  responsibility  for 
published  statements.  So  we  label  every  full-length 
article  with  the  author’s  by-line  and  his  affiliation. 
Material  written  by  members  of  the  editorial  staff  is 
likewise  identified  but,  perhaps,  not  so  clearly.  When 
the  article  is  the  staff  member’s  original  contribu¬ 
tion,  and  his  authority  for  it  is  on  a  par  with  that 
of  any  other  author,  he  rates  a  by-line.  When,  how¬ 
ever,  the  editor  is  acting  merely  as  a  reporter,  put¬ 
ting  into  words  material  originating  elsewhere,  he 
signs  his  initials  at  the  end  of  the  article.  Some  of 


our  readers  find  this  confusing,  particularly  those 
compiling  file  references  and  bibliographies.  We 
also  find  it  confusing  in  many  borderline  cases.  So, 
suggestions  please!  Should  we  disregard  this  subtle 
distinction  between  author  and  reporter?  And  should 
we  undertake  the  real  headache  of  getting  up  a  biog¬ 
raphy  on  each  author? 

►  WARNING  ...  A  needed  invention  of  long  standing 
is  a  gadget  which  will  warn  the  listener  that  an  an¬ 
nouncement  of  unusual  interest  is  about  to  be  made 
so  he  will  turn  on  his  radio  set  and  listen  to  it.  This 
was  an  attractive  possibility  before  the  days  of  su¬ 
persaturated  news  programs  and  neutral  gray  enter¬ 
tainment.  Now  that  radio  engineers  are  distin¬ 
guished  by  tfie  amount  of  time  they  spend  away  from 
the  loudspeaker,  there  seems  little  urgency  to  find 
the  long-sought  sensitive  device  that  waits  and 
watches  without  consuming  power.  But  up  comes 
television  and  the  need  reappears.  Several  times 
now,  the  NBC  television  station  in  New  York  has 
sprung  unannounced  coverage  of  important  news 
events,  while  the  largest  part  of  the  audience  was 
doing  the  dishes,  blissfully  unaware  that  exciting 
signals  were  titillating  the  dipole.  To  be  sure,  films 
are  taken  and  repeats  provided  during  scheduled 
hours,  but  it  ain’t  the  same,  McGee.  How  about  it? 
We’ll  settle  for  a  gadget  consuming  5  watts,  same  as 
an  electric  clock.  Can  do? 

<  CO-OP  ...  A  group  of  thirty  engineers  at  the  Air¬ 
borne  Instruments  Laboratory  have  pooled  their  inter¬ 
ests  in  the  conversion  of  war  surplus  radar  gear  into 
television  receivers.  Working  in  spare  time,  the  group 
has  separate  teams  organized  for  purchasing,  convert¬ 
ing  r-f,  i-f,  video  circuits,  sweep  circuits,  and  so  on. 
Starting  with  30  Mickey  Mouse  radars  (3,000-mc,  gun¬ 
fire  ranging  sets)  plus  a  few  extra  parts,  this  gang  is 
well  on  its  way  to  30  complete  video  sets,  each  with 
10-inch  tube  and  plenty  of  gadgets. 
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All  Along  The  Line .  •  • 


Une  of  the  "Motorola"  Production  Lines 


You  Expect  More  and  Get  More 
From  FP  CAPACITORS 


Jmo,  W7  — ELECTRONICS 


Exactly  ten  years  have  elapsed  since  the  Mallory  FP — first  capacitor  to 
use  fabricated  plate — was  introduced.  Today,  as  then,  it  is  accepted  as 
the  standard  of  the  industry:  the  standard  for  quality,  dependability  and 
ease  of  assembly. 

The  Galvin  Manufacturing  Company,  pioneers  in  auto  radio  equipment  and 
makers  of  the  well  known  "Motorola”  home  and  car  radio  line,  were  among 
the  first  to  recognize  the  time-saving  mounting  features  of  Mallory  FPs — the 
superior  workmanship  and  materials,  too. 


Today  not  only  Motorola,  but  many  other  responsible  manufacturers  of 
radio,  television  and  electronic  equipment,  choose  Mallory  FPs  with  safety 
and  confidence.  They  expect  more  and  get  more  from  this  famous  capacitor. 


Kverythingyou  unnt  to  know  about 
Mallory  m^rolytic  capacitors — 
types,  sizes,  (baracteristics  —  even 
data  on  test  measurements  and 
mounting  hardware.  Send  for 
your  free  copy. 


IMLLVR  I  CAPACITORS 
(ELECTROLYTIC,  OIL  and  WAX) 


ELECTRONICS 

Nucleonics,  a  new  technology  based  upon  the  control  and  utilization  of  neutrons 
and  protons,  supplements  electronics  in  bringing  under  man’s  guidance  all  parts  of 
the  atom.  Electronics  is  essential  to  the  observation  and  use  of  nuclear  phenomena. 
Thus  the  two  technologies  are  closely  allied 


cleus  made  possible.  Conversely,  Since  the  future  development  of 
the  increasing  utilization  of  nuclear  nuclear  chemistry,  nuclear  biology, 
phenomena  will  bring  about  the  nuclear  medicine,  nuclear  metal- 


necessity  for  even  more  complex 
and  diversified  electronic  apparatus. 


lurgy  and  nuclear  power  is  depend¬ 
ent  on  the  creation  of  progressively 


more  sensitive  and  powerful  elec¬ 
tronic  instruments  and  controls,  the 
electronic  engineer  is  faced  with 
unlimited  opportunities — and  great 
responsibilities. 
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.  KEITH  HENNEY 


ence  of  nuclear  physics,  once  a  field 
in  which  few  could  toil,  has  given 
birth  to  a  technology — nucleonics. 
At  once  we  have  something  for  en¬ 
gineers  to  work  with;  something 
which,  like  electronics,  will  affect 
every  man,  woman  and  child  on 
this  earth. 

What  is  nucleonics? 

As  defined  by  Zay  Jeffries,  vice- 
president  of  the  General  Electric 
Company’s  Chemical  Department, 
nucleonics  is  “a  generic  term  for 
atomic  energy  and  related  sub¬ 
jects.”  Zay  Jeffries  shares  the 
opinion  that  the  release  of  atomic 
energy  represents  the  greatest  tech¬ 
nological  stride  in  recorded  his¬ 
tory.  The  possible  ramifications  of 
this  accomplishment  are,  as  yet, 
beyond  our  capacity  to  imagine.  Al¬ 
ready,  however,  many  useful  appli¬ 
cations  of  nuclear  knowledge  are 
known.  A  bird’s  eye  view  of  this 
field  can  be  obtained  from  the  chart 
on  the  opposite  page,  produced  by 
Walter  M.  DeCew. 

Electronics  and  nucleonics  are 
intimately  related.  One  technology 
is  based  upon  our  ability  to  control 
and  to  put  to  work  the  electrons 
which  surround  the  atomic  nu¬ 
cleus.  The  other  is  a  technology 
based  on  our  ability  to  control  and 
utilize  the  other  parts  of  the  atom, 
that  is,  those  parts  which  consti¬ 
tute  the  nucleus.  Only  by  the 
development  of  superlatively  sensi¬ 
tive  and  powerful  electronic  instru¬ 
ments  was  our  conquest  of  the  nu- 
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NUCXEONICS:  A  generic  name  for  ofomic^ 
'*■  energy  and  related  subjects  ...  a  field  of 
endeavor  of  tremendous  implication  in  biol¬ 
ogy,  medicine,  metallurgy,  chemistry,  geo¬ 
physics,  and  in  the^  production  of  povrer 


By 


SEVENTEEN  years  ago,  when  the 
first  issue  of  Electronics  ap¬ 
peared,  the  world  of  the  atomic 
nucleus  was  still  largely  unexplored 
and  uncontrolled.  The  forces  and 
laws  governing  the  electronic  enve¬ 
lope  of  the  nucleus,  however,  were 
being  fully  explained  by  physicists 
in  terms  of  the  new  quantum  me¬ 
chanics,  and  engineers  were  busily 
using  free  electrons  to  create  a 
major  industry. 

In  1931  our  knowledge  of  the 
nucleus  was  limited  to  what  we 
could  learn  from  the  natural  radio¬ 
active  elements  and  by  means  of  op¬ 
tical  and  mass  spectroscopy.  Neu¬ 
trons  had  not  yet  been  discovered, 
and  it  was  still  believed  that  the 
nucleus  was  made  up  of  protons  and 
electrons.  This  was  because  the  in¬ 
teractions  of  nuclear  particles  were 
only  partially  observable,  and  com¬ 
pletely  uncontrollable.  The  inter¬ 
actions  of  electrons,  on  the  other 
hand,  were  easily  observed  and  con¬ 
trolled  with  vacuum-tube  devices 
and  circuits. 

The  discovery  of  the  neutron  by 
Chadwick  in  1932  was  a  decisive 
breakthrough  by  physicists  in  the 
mounting  assaults  on  the  mysteries 
of  the  nucleus.  Being  uncharged, 
the  neutron  could  be  easily  shot 


into  the  heart  of  the  nucleus  to  ini¬ 
tiate  nuclear  reactions,  unhindered 
by  the  positive  and  negative 
charges  of  the  atom.  Here  was  a 
powerful  tool  for  the  control  of  nu¬ 
clear  interactions,  comparable  to 
the  discovery  and  use  of  thermionic 
emission  in  the  realm  of  electronics. 
All  the  chemical  elements  were  now 
bombarded  with  neutrons.  Hun¬ 
dreds  of  new  nuclear  •  disintegra¬ 
tions  and  transmutations  were  pro¬ 
duced  and  studied.  The  dark  world 
within  the  nucleus  was  brought 
progressively  further  into  the  open 
and  under  the  control  of  the  men 
behind  the  cyclotrons,  Geiger 
counters,  and  other  electronic  tools 
of  the  physicist. 

Under  the  mass  assault  of  scien¬ 
tists  all  over  the  world,  the  story 
unfolded.  The  fission  of  the  ura¬ 
nium  235  nucleus  under  bombard¬ 
ment  of  slow  neutrons,  the  con¬ 
firmation  of  Einstein’s  classic  pos¬ 
tulate  of  the  equivalence  of  mass 
and  energy,  the  release  of  unbe¬ 
lievably  tremendous  nuclear  ener¬ 
gies,  the  terrible  destruction  of  the 
atom  bombs — all  this  is  known.  No 
longer  do  we  simply  experiment, 
observe,  and  understand  nuclear 
phenomena.  Now  we  can  control 
and  utilize  them.  In  short,  the  sci¬ 
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ELECTRONICS 


Nucleonics,  a  new  technology  based  upon  the  control  and  utilization  of  neutrons 
and  protons,  supplements  electronics  in  bringing  under  man’s  guidance  all  parts  of 
the  atom.  Electronics  is  essential  to  the  observation  and  use  of  nuclear  phenomena. 
Thus  the  two  technologies  are  closely  allied 


deus  made  possible.  Conversely,  Since  the  future  development  of  more  sensitive  and  powerful  elec- 
the  increasing  utilization  of  nuclear  nuclear  chemistry,  nuclear  biology,  tronic  instruments  and  controls,  the 
phenomena  will  bring  about  the  nuclear  medicine,  nuclear  metal-  electronic  engineer  is  faced  with 
necessity  for  even  more  complex  lurgy  and  nuclear  power  is  depend-  unlimited  opportunities — and  great 
and  diversified  electronic  apparatus,  ent  on  the  creation  of  progressively  responsibilities. 
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SEVENTEEN  years  ago,  when  the 
first  issue  of  Electronics  ap¬ 
peared,  the  world  of  the  atomic 
nucleus  was  still  largely  unexplored 
and  uncontrolled.  The  forces  and 
laws  governing  the  electronic  enve¬ 
lope  of  the  nucleus,  however,  were 
being  fully  explained  by  physicists 
in  terms  of  the  new  quantum  me¬ 
chanics,  and  engineers  were  busily 
using  free  electrons  to  create  a 
major  industry. 

In  1931  our  knowledge  of  the 
nucleus  was  limited  to  what  we 
could  learn  from  the  natural  radio¬ 
active  elements  and  by  means  of  op¬ 
tical  and  mass  spectroscopy.  Neu¬ 
trons  had  not  yet  been  discovered, 
and  it  was  still  believed  that  the 
nucleus  was  made  up  of  protons  and 
electrons.  This  was  because  the  in¬ 
teractions  of  nuclear  particles  were 
only  partially  observable,  and  com¬ 
pletely  uncontrollable.  The  inter¬ 
actions  of  electrons,  on  the  other 
hand,  were  easily  observed  and  con¬ 
trolled  with  vacuum-tube  devices 
and  circuits. 

The  discovery  of  the  neutron  by 
Chadwick  in  1932  was  a  decisive 
breakthrough  by  physicists  in  the 
mounting  assaults  on  the  mysteries 
of  the  nucleus.  Being  uncharged, 
the  neutron  could  be  easily  shot 


into  the  heart  of  the  nucleus  to  ini¬ 
tiate  nuclear  reactions,  unhindered 
by  the  positive  and  negative 
charges  of  the  atom.  Here  was  a 
powerful  tool  for  the  control  of  nu¬ 
clear  interactions,  comparable  to 
the  discovery  and  use  of  thermionic 
emission  in  the  realm  of  electronics. 
All  the  chemical  elements  were  now 
bombarded  with  neutrons.  Hun¬ 
dreds  of  new  nuclear  disintegra¬ 
tions  and  transmutations  were  pro¬ 
duced  and  studied.  The  dark  world 
within  the  nucleus  was  brought 
progressively  further  into  the  open 
and  under  the  control  of  the  men 
behind  the  cyclotrons,  Geiger 
counters,  and  other  electronic  tools 
of  the  physicist. 

Under  the  mass  assault  of  scien¬ 
tists  all  over  the  world,  the  story 
unfolded.  The  fission  of  the  ura¬ 
nium  235  nucleus  under  bombard¬ 
ment  of  slow  neutrons,  the  con¬ 
firmation  of  Einstein’s  classic  pos¬ 
tulate  of  the  equivalence  of  mass 
and  energy,  the  release  of  unbe¬ 
lievably  tremendous  nuclear  ener¬ 
gies,  the  terrible  destruction  of  the 
atom  bombs — all  this  is  known.  No 
longer  do  we  simply  experiment, 
observe,  and  understand  nuclear 
phenomena.  Now  we  can  control 
and  utilize  them.  In  short,  the  sci¬ 


ence  of  nuclear  physics,  once  a  field 
in  which  few  could  toil,  has  given 
birth  to  a  technology — nucleonics. 
At  once  we  have  something  for  en¬ 
gineers  to  work  with;  something 
which,  like  electronics,  will  affect 
every  man,  woman  and  child  on 
this  earth. 

What  is  nucleonics? 

As  defined  by  Zay  Jeffries,  vice- 
president  of  the  General  Electric 
Company’s  Chemical  Department, 
nucleonics  is  “a  generic  term  for 
atomic  energy  and  related  sub¬ 
jects.”  Zay  Jeffries  shares  the 
opinion  that  the  release  of  atomic 
energy  represents  the  greatest  tech¬ 
nological  stride  in  recorded  his¬ 
tory.  The  possible  ramifications  of 
this  accomplishment  are,  as  yet, 
beyond  our  capacity  to  imagine.  Al¬ 
ready,  however,  many  useful  appli¬ 
cations  of  nuclear  knowledge  are 
known.  A  bird’s  eye  view  of  this 
field  can  be  obtained  from  the  chart 
on  the  opposite  page,  produced  by 
Walter  M.  DeCew. 

Electronics  and  nucleonics  are 
intimately  related.  One  technology 
is  based  upon  our  ability  to  control 
and  to  put  to  work  the  electrons 
which  surround  the  atomic  nu¬ 
cleus.  The  other  is  a  technology 
based  on  our  ability  to  control  and 
utilize  the  other  parts  of  the  atom, 
that  is,  those  parts  which  consti¬ 
tute  the  nucleus.  Only  by  the 
development  of  superlatively  sensi¬ 
tive  and  powerful  electronic  instru¬ 
ments  was  our  conquest  of  the  nu- 
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STAMPED  WIRING 


New  mass-production  technique  permits  90  percent  of  the  wiring  in  an  average  electronic 
device  to  he  stamped  out  by  dies.  Most  component  parts  may  be  connected  in  one  opera¬ 
tion  by  induction  soldering.  Substantial  savings  in  material,  and  in  alignment  and  test- 
,  ing,  as  well  as  in  assembly,  are  the  developmental  objectives 


The  aveba^  radio  receiver  con¬ 
tains  160  soldered  connections. 
Wires  must  be  laboriously  cut  to 
length,-  skinned,  and  individually 
fastened  in  place.  Modern  televi¬ 
sion  receivers  frequently  have  over 


500  connections,  and  some  of  the 
electronic  control  apparatus  now 
finding  its  way  into  industry  is 
equally  complicated  from  a  wiring 
standpoint. 

For  years  engineers  have  worked 


to  develop  something  resembling 
packaged  wiring.  Early  electricid 
and  electronic  equipment  used  rigid 
bus-bar  that  was  hard  to  handle 
and  harder  still  to  keep  in  place 
during  shipment.  This  soon  gave 
way  to  flexible  wiring  and  cabling 
techniques,  but  even  the  latter  re¬ 
quired  many  individually  soldered 
joints.  During  the  war  printed  cir¬ 
cuits  came  into  use.  Since  then  cast 
conductors  somewhat  reminiscent 
of  processes  tried  in  this  country 
back  in  the  20’s  have  been  intro¬ 
duced  in  England. 

A  number  of  new  packaged  wir¬ 
ing  ideas  are  in  the  experimental 
stage.  Some  are  well  along  in  de¬ 
velopment.  One  such  idea  involves 
stamped  wiring,  originated  by  A.  W. 
Franklin,  president  of  The  Franklin 
Airloop  Corporation  of  New  York, 
which  appears  to  lend  itself  to  mass 
production  methods  since  a  basic 
wiring  package  can  be  turned  out 
for  manufacturers  of  many  kinds 
of  electronic  gear.  Alterations  in 
the  basic  package  are  readily  made 
by  means  of  dies,  so  that  90  percent 
of  the  wiring  within  the  average 
device  can  be  stamped  out.  Further¬ 
more,  most  component  parts  may  be 
connected  to  the  wiring  in  one  oper¬ 
ation  by  dip  or  induction  soldering. 
Substantial  savings  in  material,  and 
in  alignment  and  testing,  as  well 
as  in  assembly,  seem  likely. 

Basie  Idea 

Basically,  stamped  wiring  con¬ 
sists  of  a  thin  sheet  of  insulation 
with  a  series  of  parallel  conductors 
running  in  a  horizontal  direction 
on  one  side  and  a  series  of  vertical 
conductors  on  the  other  side.  Inter¬ 
connection  between  horizontal  and 


Eloctronie  drcuit,  showiag  th*  manner  in  which  a  schematic  may  be  conyerted  into 
a  stomped  wiring  deck  layout  by  interconnecting  and/or  cutting  conductors  on 
obeerse  ond  rererse  sides  of  the  deck.  Tube  and  tronsiormer  placement  are  indi¬ 
cated.  Other  component  parts  moy  be  similorly  shown 
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Tabl«-typ«  radio  sot,  using  stampod  wir¬ 
ing.  On*  odgo  of  the  wiring  deck  may  be 
seen  lust  beneath  the  metal  chassis 


of  parts  is  also  planned  at  this 
time. 

Such  questions  as  the  type  of  fast¬ 
enings  used  for  interconnection  of 
conductors,  whether  eyelets,  pins, 
or  the  conductors  themselves  are 
used  as  terminals  for  component 
parts,  and  whether  short  conductors 
are  stamped  out  that  way  or  pro¬ 
duced  subsequently  by  stripping 
away  unused  metal  from  longer  con¬ 
ductors  are  dependent  upon  what 
the  equipment  assembler  wishes  to 
buy,  and  upon  what  the  supplier  of 
packaged  wiring  ultimately  finds  it 
most  desirable  to  deliver.  Develop¬ 
mental  work  is  still  proceeding  at  a 
pace  which  suggests  that  such  de¬ 
tails  will  soon  be  standardized. 


vertical  conductors  is  accomplished  an  engineer-draftsman  to  make  the 
by  punching  through  the  insulation  transition  from  schematic  to 
intervening  between  such  conduc-  stamped  wiring  drawing,  as  showrt 
tors  and  then  joining  them  by  on  the  opposite  page.  Location  of 
means  of  an  eyelet  or  pin.  A  method  eyelets  or  pins,  points  at  which  con-  A  typical  stamped  wiring  deck 

of  interconnection  which  requires  ductors  should  be  cut,  and  placement  developed  for  a  5-tube  table-model 
neither  form  of  fastening,  just 
pressure  and  heat,  also  being  de- 

to  a  hor- 

or  a  conduc- 

tor  is  desired,  without  interconnec- 

tion,  an  eyelet  or  pin  may  be  B»  BBBBBBB  BBBBB..«BBiBBB 

punched  into  the  selected  conductor 

at  a  point  which  causes  it  to  miss  1 1 BBBBBBBBBBBI I  HWHIjl  ’  ■ 

metal  on  the  reverse  side.  Where  1 1  BBB  vBBBBI  BBIfl  liBBIil  | 

breakup  of  a  single  horizontal  con-  1 1 BBBI  BBBBBBI I  ■  BBBIII  IB|B 

ductor  or  single  vertical  conductor  1 1 1 BBI  B  VBBBBBI I  BBBBI 

into  several  horizontal  or  vertical  ^  j  y ^bBbBKBbMb  ■ 

conductors  9iay  be 

by  the  process 

the  conductors  one  or 
more  points  along  or 

grams 

crossovers  and 
Stamped  wiring 

and  with 

the  insulation  between  them  consti- 
an  inherent  and 

eyelets,  or  some  other  type 

fastening  providing 
tion.  Thus  readily  possible  for 


Stamped  Wiriag  Deck 


FIG.  1 — Basic  stamped  wiring  deck,  with 
horizontal  conductors  on  one  side  and  Ter- 
tical  conductors  on  the  other 
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FIG.  4 — I>*ck  ready  lor  inaertion  in  metal  chattit  haTing  cutouts  to  admit  tubes  and  transiormers.  The  lew  flexible 
wires  from  chassis-mounted  speaker,  timing  capacitor,  and  other  controls  pass  through  cutouts  to  stamped  wiring 

deck  pins,  and  are  held  in  place  by  female  connectors 


required  where  it  is  to  be  employed. 
Developmental  radio  receivers,  such 
as  the  one  shown  in  Fig.  5,  perform 
quite  as  well  as  conventionally- 
wired  sets  with  respect  to  sensitiv¬ 
ity  and  selectivity.  There  is  rea¬ 
son  to  believe  that  the  fixed  nature 
of  the  wiring,  plus  the  fact  that 
necessarily  careful  planning  of  both 
the  wiring  and  placement  of  parts, 
may  make  it  possible  to  operate 
tubes  nearer  the  spill-over  or  hot 
point  in  production  models,  with  re¬ 
sultant  improved  performance. 

Alignment  of  circuits  in  produc¬ 
tion  should  be  materially  simpler 
than  where  conventional  wiring  is 
used,  since  wiring  stamped  out  by  a 
die  w’ill  not  vary  from  set  to  set. 
This  factor  should  prove  of  particu¬ 
lar  interest  to  manufacturers  of 
television  equipment. 

Cost  determination  must  wait  un¬ 
til  a  sufficient  number  of  units  em¬ 
ploying  stamped  wiring  are  manu¬ 
factured  to  permit  accurate  cost 
accounting,  since  material,  and 
alignment  and  test  labor,  as  well 
as  assembly  labor,  is  involved.  Then 
too,  die  cost  will  vary  depending 
upon  the  size  of  the  deck  required, 
upon  the  relative  complication  of 
the  wiring  to  be  stamped,  and  upon 
the  volume  achieved  by  supplier  and 
assembler. 


Substantial  savings  should,  be 
possible.  One  clue  is  the  fact  that 
Franklin  believes  it  will  be  possible 
to  supply  stamped  wiring  decks  for 


5-tube  table  model  radios,  with  tube 
sockets  built  in  and  ready  to  receive 
component  parts,  for  about  double 
present  cost  of  sockets. — W.  MacD. 


FIG.  5 — Radio  recoivor  chastii  teen  from 
undemoath,  showing  new  and  old  meth¬ 
ods  of  wiring 
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Wire  leads  of  fixed  capacitors,  re¬ 
sistors,  and  coils  are  bent  or  pre¬ 
formed  so  that  they  may  be  dropped 
into  eyelet  or  pin  holes  in  the 
stamped  wiring.  This  may  be  done 
manually  or,  by  the  hopper  method, 
depending  upon  the  ingenuity  of 
the  assembler  and  production  re¬ 
quirements.  Normally,  most  com¬ 
ponent  parts  are  placed  beneath  the 
deck.  Thus  these  parts  may  be  sold¬ 
ered  in  place  by  the  induction 
method,  in  one  operation. 

•Tube  and  i-f  transformer  sockets 
having  female  connectors  are  in¬ 
serted  on  the  top  side  of  the  deck 
over  pins,  or  otherwise  fastened  in 
place,  as  in  Fig.  3.  The  deck  is  then 
installed  beneath  a  metal  chassis 
having  cutouts  through  which  tubes 
and  i-f  transformers  may  be  in¬ 
serted  Irom  above.  See  Fig.  4.  A 
self-tapping  screw  in  each  corner 
of  the  deck  holds  the  deck  securely 
in  place  beneath  the  chassis. 

Gang  tuning  capacitor,  loud¬ 
speaker,  and  controls  are  mounted 
on  the  metal  chassis  by  conventional 
methods.  Flexible  leads  from  these 
component  parts,  of  which  there 
are  few,  are  pushed  down  through 
chassis  cutouts  to  deck  pins,  where 
contact  is  made  by  means  of  female 
connectors.  They  could,  of  course, 
be  soldered. 

PerfermaRC*  aad  Cost 

Performance  tests  are  being  made 
on  equipment  using  stamped  wir¬ 
ing.  At  this  writing  it  appears  that 
little  or  no  circuit  modification  is 


FIG.  2 — On*  Bide  of  a  atomped’ wiring  d*ck,  with  conductor!  cut,  eyelets  and  pins 
installed.  Either  type  oi  connection  may  be  lued  between  conductors  on  the  two 
sides  of  the  deck.  Connections  are  made  to  a  conductor  on  on*  side  by  punching 
through  at  a  place  which  misses  metal  on  the  back.  Holes  in  eyelets  and  pins  ore 
used  as  terminals  for  component  parts 


radio  having  a  conventional  circuit 
is  at  present  made  as  follows: 

Sheets  of  single-x  A-inch  Bake- 
lite  punching  stock,  similar  to  that 
used  in  the  manufacture  of  wafer- 
type  tube  sockets,  are  sheared  to 
3  x  &-inch  size. 

A  roll  of  5-mil  pure  electrolytic- 
type  oxygen-hydrogen-free  copper, 
tinned  on  both  sides,  is  coated  on 
one  side  with  U.  S.  Rubber’s  Kotol 
thermoplastic  cement. 

Insulation  and  copper  are  fed  to 
a  150-ton  Standard  automatic  tog¬ 
gle  press,  containing  a  shearing  and 
forming  die.  When  the  press  is  op¬ 
erated  the  die  cuts  the  copper  into 
conductors  A-inch  wide,  with  equal 
spacing  between  conductors,  and 
presses  their  edges  and  ends 
3/1,000-inch  into  the  insulation. 
The  die  is  heated  electrically  to 
230  F  and  softens  the  insulatior 
sufficiently  to  facilitate  locking  of 
the  conductors  securely  in  place. 
The  heat  simultaneously  sets  the 
thermoplastic  cement  so  that  the 
conductors  are  both  mechanically 
locked  and  cemented  to  the  insula¬ 
tion.  The  process  is  similar  to  that 
used  'in  the  manufacture  of  the 
Franklin  “Airloop.” 

The  press  turns  out  some  20  decks 
per  minute,  with  conductors  on  one 
side.  (Conductors  may  eventually 
be  placed  on  both  sides  at  once  by 
using  upper  and  lower  dies.)  Both 
sides  of  a  typical  deck  are  pictured 
in  Fig.  1. 


The  deck  next  goes  to  a  punch 
press,  where  all  holes  for  eyelets 
and  pins  are  knocked  out  in  a  sin¬ 
gle  operation.  The  holes  in  this  par¬ 
ticular  case  are  96/1,000-inch  in 
diameter  and  take  pins  similar  to 
those  used  in  the  manufacture  of 
octal  tube  bases.  In  still  another 
press,  eyelets  and  pins  flow  from 
hoppers  through  feeder  tubes  to 
deck  holes,  as  in  the  manufacture  of 
tube  sockets,  and  are  clinched  in 
place.  Heating  by  conduction,  or 
induction,  may  be  used  to  sweat 
conductor  and  eyelet  and/or  pin 
tinning  together. 

The  stamped  wiring  deck  is  now 
complete,  and  ready  to  receive  com¬ 
ponent  parts.  See  Fig.  2. 


FIG.  3 — Tube  and  transformer  sockets  in  place.  In  this  instance  they  are  held  in 
place  by  eyelets.  In  other  deTelopmental  models  use  of  female  connectors  permits 
them  to  be  simply  shored  down  orer  deck  pins 


June,  1947  —  ELECTRONICS 


ELECTRONICS  — Jon*.  1947 


at  approximately  9,000  volts  second- 
anode  potential.  This  type  of  opera¬ 
tion  provides  very  high  brightness 
in  the  highlights,  approximately  60 
footlamberts  as  compared  with  5  to 
10  footlamberts  from  the  12AP4 
tube  in  the  prewar  model  TRK-12. 

The  area  contrast  of  the  10BP4 
picture  has  a  maximum  value  of  90 
to  1. 

The  10-inch  receiver  provides  a 
substantially  noise-free  picture 
with  500  microvolts  input,  and  a 
satisfactory  picture  with  150  micro¬ 
volts.  The  picture  will  remain  in 
satisfactory  sync  with  an  input  as 
low  as  50  microvolts.  The  receiver 
is  produced  in  two  models,  the  type 
630-TS  table  model  and  a  console 
with  am-fm-phono  chassis.  In  the 
latter  set,  an  automatic-gain-con¬ 
trol  circuit  is  provided:  otherwise 
the  television  circuits  are  identical. 

The  projection  model,  type  648- 
ture  by  projection  with  a  reflective- 
type  optical  system  of  effective 
aperture  f  0.8.  The  projection 
tube,  type  5TP4,  operates  at  a  sec¬ 
ond-anode  potential  of  28,000  volts, 
and  employs  an  aluminum-backed 
phosphor  screen. 

The  projected  image  is  reflected 
from  a  45-degree  mirror  within  the 
cabinet  onto  a  translucent  viewing 
screen  of  special  construction.  By 
the  application  of  a  pressed  plastic 
coating,  this  screen  is  given  a  footlamberts  and  the  area  contrast  identical  in  all  the  models,  are 

highly  directional  characteristic,  re-  40  to  1.  This  performance  is  very  is  a  pushpull  6J6  double  triode,  fed 

stricting  the  angle  of  view  to  50  nearly  equal  to  that  of  the  direct-  from  300-ohm  ribbon  transmission 

degrees  in  the  horizontal  plane  and  view  10-inch  model  and  far  supe-  line  through  an  untuned  input  c?r- 

30  degrees  in  the  vertical  plane,  rior  to  the  projected  images  pre-  cuit.  Tuning  is  accomplished 

This  new  screen  reflects  only  15  viously  demonstrated  by  RCA.  The  the  station-selector  switch  which 

percent  of  the  ambient  light  and  type  648-PTK  set  uses  a  total  of  48  inserts  additional  series  inductance 

transmits  85  percent  of  the  image  tubes  (including  8  in  the  b-c,  s-w,  between  the  r-f  tube  plates.  The 

illumination.  f-m  receiver  and  4  in  the  common  converter  is  similar,  employing  a 

As  a  result  of  all  these  contribu-  audio  system)  and  consumes  530  6J6  tube  in  pushpull  with  similar 

tions  to  high  optical  efficiency,  the  watts.  switching  for  station  selection.  The  • 

highlight  image  brightness  is  50  The  radio-frequency  circuits,  r-f  stage  and  converter  are  capa- 


Direct-viawing  combination  console  with  ten-inch  picture  tube.  All  direct-Tiewing 
types  hare  o  sodetv  glass  panel  mounted  In  front  of  the  picture  tube 
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Design  features  of  the  first  postwar  video  receivers  to  go  into  large-scale  production,  the 
RCA  Victor  seven-inch,  ten-inch  and  projection  models,  reported  from  the  IRE  presenta¬ 
tion  hy  Wright  and  Clark 
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Three  production-type  television 
receivers,  embodying  many 
new  circuits  and  components,  have 
been  described  recently  at  a  num¬ 
ber  of  IRE  section  meetings  by 
Messrs.  Antony  Wright  and  Edwin 
Clark, of  the  RCA  Victor  Division. 
The  following  report  was  compiled 
from  their  presentation  before  the 
New  York  Section. 

The  receivers  represent  three  dis¬ 
tinct  approaches  to  meet  public  de¬ 
mand  at  various  price  levels,  rang¬ 
ing  from  an  inexpensive  model 
employing  a  7-inch  picture  tube  to 
a  carriage-trade  console  receiver 
producing  a  16-by-20-inch  pro¬ 
jected  image.  In  all  of  the  designs 
particular  attention  was  paid  to 
producing  brighter  images  than 
were  available  in  prewar  sets,  as 
well  as  clearer  and  steadier  images. 

The  receivers  described  have  the 
following  specifications :  The  seven- 
inch  table  model,  type  621-TS,  em¬ 
ploys  electrostatically  focused  mag¬ 
netically  deflected  picture  tube,  type 
7DP4.  It  incorporates  21  tubes,  has 
a  power  drain  of  260  watts,  and 
gives  substantially  noise-free  re¬ 
ception  from  an  input  signal  of  500 
•microvolts  at  the  antenna  terminals. 
Trigger-type  sync  operation  is  em¬ 
ployed.  This  system,  while  not  as 
free  from  the  effects  of  interfer¬ 
ence  as  the  afc  sync  used  in  the 
other  models,  nevertheless  provides 
solid  synchronization  with  an  input 
of  160  microvolts.  The  r-f,  i-f  and 
video  circuits  of  the  seven-inch 
model  are  similar  to  those  of 
the  other  models,  and  receive  all  13 
channels,  from  44  to  216  me. 

The  10-inch  table  model,  type 
630-TS,  uses  30  tubes  and  consumes 
380  watts  of  power.  Its  picture 
tube,  type  10BP4,  is  magnetically 
focused  and  deflected,  and  operates 


FIG.  1 — ^Th*  r-l  conplifler,  conTWrier,  and  local  oscillator  used  in  all  RCA  Victor 
production  models.  It  tunes  all  of  the  13  teleTision  chaimels 


FIG.  2 — Stagger-tuning  is  used  in  the  picture  i-f  amplifier  to  simplify  alignment  and 
lower  costs.  InductlTely  coupled  traps  attenuate  accompanying  and  adiacent  sound 

chonnels 


FIG.  3 — (A)  Resonance  curres  of  the  fWe  interstage  coupling  units  in  the  picture  i-f 
amplifier.  (B)  Overall  response  curve  of  the  i-f  amplifier 
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and  clips  each  separate  pulse  at 
top  and  bottom.  For  horizontal  syn- 
couplings  and  the  overall  response, 
applied  to  the  automatic-frequency- 
control  circuit  shown  in  Fig.  6. 
This  afc  sync  circuit,  by  introduc¬ 
ing  a  “fly-wheel”  stabilization  to  the  ' 
horizontal  deflection  oscillator,  pre¬ 
vents  a  noise  from  affecting  the 
position  of  individual  lines  of  the 
image.  The  circuit  consists  of  a 
6K6  Hartley  oscillator  which  pro¬ 
duces  sine  waves  at  the  horizontal 
deflection  frequency,  15,750  cps. 
This  sinewave  is  fed  to  a  circuit  re¬ 
sembling  an  afc  discriminator, 
through  a  center-tapped  trans¬ 
former  secondary  connected  to  two 
diodes. 

The  incoming  sync  pulses  are 
applied  to  the  center  tap,  so  they 
are  superimposed  on  the  sinewaves 
as  shown  at  the  bottom  of  Fig.  6. 
If  the  sinewave  oscillator  frequency 
and  the  incoming  sync  pulse  fre¬ 
quency  are  the  same,  and  their  rela¬ 
tive  phase  is  as  shown  at  (A),  the 
average  value  of  current  passed  by 
each  of  the  diodes  is  the  same,  and 
no  net  d-c  bias  is  developed  at  the 
diode  output. 

However,  if  the  sinewave  fre¬ 
quency  tends  to  get  out  of  phase 
with  the  sync  pulses,  as  at  (B),  the 
sync  pulse  “rides  up”  on  one  sine¬ 
wave  while  it  recedes  on  the  other. 
Hence  the  upper  diode  passes  more 
current  and  a  positive  d-c  bias  is 
developed.  If  the  sinewave  phase 
departs  from  the  sync  pulse  phase 
in  the  opposite  direction,  as  at  (C), 
the  lower  diode  passes  more  cur¬ 
rent  and  a  negative  d-c  bias  is  de¬ 
veloped. 

The  net  bias,  including  fixed  bias 
applied  to  the  diodes,  is  applied  to 
the  grid  of  a  reactance  tube  con¬ 
nected  across  the  tank  circuit  of 
the  sinewave  oscillator.  The  reac¬ 
tance  thereby  reflected  to  the  os¬ 
cillator  circuit  has  the  proper  sign 
to  shift  the  sinewave  frequency  in 
the  direction  to  restore  the  in-phase 
relation.ship  with  the  sync  pulses,  as 
at  (A).  An  RC  time-constant  cir¬ 
cuit  in  the  reactance-tube  grid 
causes  the  correction  to  the  oscil¬ 
lator  frequency  to  occur  over  a 
period  of  many  lines,  so  that  any 
noise  pulses  fed  in  from  the  sync 
chain  are  averaged  and  hence  have 
but  small  effect  on  the  oscillator 
frequency.  The  plate  of  the  sine- 
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4 — Video  detector.  ompUiiers  and  d-c  restorer  circuit.  Two  rideo  stages  are 
used  to  permit  limiting  noise  peaks  prior  to  sync  separation 


FIG.  5 — The  synchronising  chain,  consisting  of  a  polarity-reyersing  amplifier, 
amplitude  separator,  and  clipper 


FIG.  6 — Automatic-freguency-control  sync  circuit,  applied  to  the  horizontal  deflection 
system.  This  circuit  is  used  in  the  10-inch  and  projection  models 


I 


I 

i 

} 


I 


IP 

i 


ELECTRONICS  — June,  1947 


89 


I 


Chassis  of  the  seTen-inch  table  model  receirer  with  picture  tube  remoTed 


citively  coupled  at  several  points. 

The  local  oscillator  is  another  6J6 
pushpull  circuit,  tuned  by  inserting 
successively  larger  inductance  be¬ 
tween  plates.  The  local  oscillator 
output  is  link  coupled  to  the  con- 
terter.  Tuning  of  the  larger  indi¬ 
vidual  inductances  is  accomplished 
by  metal  slugs,  while  continuous 
fine  tuning  of  the  local  oscillator  is 
provided  by  a  trimmer  capacitor 
between  oscillator  plates.  Some  of 
Uie  inductance  elements  are  wound 
ilv  figure-eight  fashion.  Since  the 
figure-eight  coil  has  an  inductance 
determined  solely  by  the  length  of 
wire,  such  windings  permit  more  ac¬ 
curate  proportioning  of  inductance. 

The  picture  i-f  amplifier,  shown 
in  Fig.  2,  is  likewise  identical  in 
the  630TS  and  larger  models. 
It  consists  of  four  stages,  type 
6AG5,  coupled  by  five  single-tuned 
circuits  stagger-tuned  to  provide  a 
nominal  bandwidth  of  four  me.  This 
is  an  adaptation  of  an  i-f  amplifier 
technique  developed  during  the  war 
for  radar  receivers.  It  provides 
about  80  percent  of  the  gain  possible 
from  stages  double-tuned  to  the 
same  frequency  (non -staggered), 
but  the  loss  is  more  than  offset  by 
ease  of  alignment,  lower  cost,  and 


freedom  from  regeneration.  Fig¬ 
ure  3  shows  the  resonance  curves 
of  the  five  individual  interstage 
couplings  and  the  overall  response. 

To  reduce  cost,  the  7-inch  re¬ 
ceiver  has  only  three  stagger-tuned 
i-f  stages.  The  i-f  bandwidth  is  3 
me  to  obtain  required  amplification. 


The  intermediate  frequencies 
used  are  21.25  me  for  the  sound  and 
25.76  me  for  the  picture.  These 
compare  with  the  prewar  values  of 
8.25  me  and  12.76  me  respectively. 
The  higher  values  are  used  to  re¬ 
duce  image-response  interference. 
The  picture  i-f  amplifier  (Fig.  2) 
employs  four  trap  circuits  to  elimi¬ 
nate  interference  from  the  associ¬ 
ated  sound  channel  on  21.25  me  and 
the  adjacent  sound  channel  at  27.25 
me.  These  traps  are  high-Q  parallel 
tuned  circuits  which  surround  and 
are  inductively  coupled  to  the  inter¬ 
stage  coupling  coils.  The  traps  are 
tuned  by  adjustable  metal  slugs. 

The  picture  detector  is  one-half  of 
a  6AL5  double  diode,  the  other  half 
being  used  as  a  d-c  restorer  follow¬ 
ing  the  final  video  amplifier,  as 
shown  in  Fig.  4.  Two  video  ampli¬ 
fiers  are  used,  the  video  coupling 
being  of  the  shunt-series  induc¬ 
tively-compensated  type.  One  of  the 
video  stages  limits  the  amplitude 
of  noise  pulses  to  the  peak  level  of 
the  sync  pulses.  Thus  the  noise  en¬ 
ergy  passed  to  the  cync  circuits  is 
limited  and  tendency  of  the  sync 
circuits  to  follow  noise  pulses  is 
much  reduced.  The  .sync  circuit 
drive  is  taken  directly  from  the 
plate  of  the  d-c  restorer  diode. 

Syne  CIrenIts 

A  synchronizing  chain  of  three 
stages  (Fig.  5)  performs  ampli¬ 
tude  separation  of  the  sync  pulses 


TUrtoaa-chonnel  pushpull  front  end 
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rectifier,  which  derives  its  filament 
power  from  an  auxiliary  secondary 
OB  the  defiection  output  trans¬ 
former. 

The  horizontal  deflection  system 
of  the  projection  receiver,  shown 
in  Fig.  8,  operates  on  the  same  prin¬ 
ciple.  Since  the  projection  tube  op¬ 
erates  at  28,000  volts,  a  large 
amount  of  deflection  power  is  re¬ 
quired.  This  is  supplied  by  two 
type  6BG6-G  deflection  amplifiers  in 
parallel.  The  B  supply  of  these 
tubes  is  applied  in  series  with  the 
5V4-G  damping  tube,  so  the  voltage 
consumed  by  the  damper  is  con¬ 
served,  as  in  the  lO-inch  circuit. 
Fig.  7.  An  additional,  damper,  a 
6AS7G  is  connected  directly  across 
the  deflection  transformer  second¬ 
ary.  The  grid  bias  of  this  tube 
controls  linearity  of  the  sweep. 

The  sweep  waveforms  of  the  cir¬ 
cuit  are  shown  in  Fig.  9.  The  saw¬ 
tooth  waveform  which  drives  the 
deflection  amplifier  is  shown  at  the 
top.  The  current  waveform  at  the 
output  of  the  deflection  amplifier, 
shown  just  below,  is  not  linear,  the 
start  of  the  sweep  being  delayed 
due  to  bias  and  curvature  of  the 
6BG6-G  characteristic  near  cutoff. 
A  compensating  non-linearity  is  in¬ 
troduced  by  the  damping  tubes,  so 
the  sum  of  the  two  waves,  shown  at 
the  bottom,  is  a  linear  sawtooth  cur¬ 
rent  wave. 

The  high-voltage  supply  is  simi¬ 
lar  to  that  in  the  10-inch  model; 
that  is,  the  voltage  pulses  produced 
during  the  retrace  of  the  horizontal 
sweep  are  rectified.  An  autotrans¬ 
former  winding  steps  up  the  volt¬ 
age  pulses  to  about  9,500  volts. 
The  pulses  are  applied  to  a  voltage- 


Deflactloa  nniti  mounted  on  tho  gun  oi  tho  proiection  tube  ore.  left  to  right,  ion  trap, 
focus  colL  and  deflection  coil 


cent  reduction  from  the  no-load 
voltage. 

The  ion  spot  usually  formed  on 
the  screen  of  a  magnetically-de¬ 
flected  picture  tube  has  been  elimi¬ 
nated  by  an  ion  trap  in  the  directly- 
viewed  tubes. 

The  ion  trap,  shown  in  Fig.  10,  is 
built  into  the  electron  gun  of  the 
7DP4  and  10BP4  tubes.  A  magnet 
is  placed  near  the  gun,  external  to 
the  tube,  and  its  position  varied 
until  a  spot  of  maximum  brightness 


tripler  rectifier,  consisting  of  three 
8016  rectifiers.  When  a  pulse  passes 
through  the  first  rectifier,  at  the 
left  in  Fig.  8,  it  charges  capacitor 
C,  in  the  cathode  circuit  to  the  peak 
level.  The  same  pulse,  passed  by 
Cl  to  the  second  rectifier,  charges 
the  capacitor  between  the  cathodes 
of  the  first  and  second  rectifier, 
raising  the  cathode  of  the  second 
tube  to  twice  the  peak  voltage  of  the 
pulse.  Similarly  the  pulse  is  passed 
to  a  third  rectifier,  charging  an¬ 
other  capacitor  between  the  cath¬ 
odes  of  the  second  and  third  tube. 
Hence  the  cathode  of  the  third  tubet 
at  the  right,  is  raised  to  three  times 
the  peak  voltage  or  about  28,000 
volts.  The  regulation  of  this  supply 
is  remarkable  good;  it  will  supply 
50  microamperes  with  only  10-per- 


CONTROL  +  300V  2nd  ANOOE  VOLTAGE 
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FIG.  10 — An  obliqualy  placnd  •loctroatotic 
l«ns  daflecta  alaclrons  and  ions,  so  ions 
aro  trapped  in  electron  gun. 

is  produced.  The  electrostatic  lens 
between  first  and  second  anode  is 
constructed  with  an  oblique  gap 
which  causes  both  electrons  and 
ions  to  be  deflected  at  right  angles 
to  the  gap.  The  magnet  structure 
applies  a  compensating  deflection 
to  the  electrons  so  that  they  pro¬ 
ceed  from  the  gun  toward  the  screen 
in  the  normal  manner.  The  more 
massive  ions  remain  substantially 
undeflected  by  the  magnetic  field 
and  hence  are  collected  by  the  sec¬ 
ond  anode. — D.G.F. 


INPUT  TO  6B66G  GRIDS 


6BG6G  PLATE  CURRENT  (TOTAL) 


DAMPER  TUBE  PLATE  CURRENT  (TOTAL) 


HORIZONTAL  DEFLECTION  CURRENT  (BfC) 


FIG,  9 — Compansoting  non-lin«ority  is  providsd  in  tbs  damper  circuit  of  Fig.  8  to 
produce  blghly  linear  deflection  current  through  the  deflection  coil 
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wave  ^illator  is  connected  to  the 
horisontal  deflection  generator. 

In  this  manner  the  horizontal  de> 
flection  is  fonstrained  to  follow  the 
sinewave  frequency,  with  its  in¬ 
herent  fly-wheel  stability,  and  the 
sinewav^  frequency  is  slowly  cor¬ 
rected  if  it  departs  from  the  phase 
established  by  the  incoming  sync 
pulses.  This  afc  circuit  is  employed 
enly  in  the  10-inch  and  projection 
models,  since  the  extra  tubes  and 
components  could  not  be  accommo¬ 
dated  in  the  low-cost  7-inch  design. 
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D*1l«etiea  SystMit 

The  horizontal  deflection  system 
used  in  the  10-inch  models,  ’shown 
in  Fig.  7,  has  several  interesting 
new  features.  To  achieve  the  high, 
value  of  scanning  current  necessary 
for  the  short-length  c-r  tube,  the 
horizontal  deflection  amplifier  is  a 
heavy  current  tube,  type  6BG6-G, 
which  resembles  the  type  807  beam- 
power  tube.  This  tube  is  driven  by 
sawtooth  voltage  waves  (top  of  Fig. 
9)  from  a  discharge  tube,  which 
produces  sawtooth  current  waves  in 
the  inductive  circuit  connected  to 
the  6BG6-G  plate,  the  horizontal  de¬ 
flection  output  transformer.  One 
secondary  of  this  transformer 
drives  the  horizontal  deflection  coil. 
To  remove  residual  oscillations  at 
the  base  of  the  retrace  voltage  pulse, 
a  5V4-G  power  rectifier  is  con¬ 
nected  as  shown.  The  voltage  de¬ 
veloped  across  this  rectifier  is 
passed  in  series  with  the  B  supply, 
through  a  filter,  back  to  the  primary 
of  the  output  transformer,  thus 
adding  about  50  volts  to  the  B  sup¬ 
ply  of  the  deflection  tube.  This  re¬ 
generative  use  of  the  damped-out 


FIG.  7 — Horiiontal  deflection  amplifier  and  high-Toltage  eystem  of  the  10-inch 
models.  The  eoltage  peok  generated  during  the  retrace  is  stepped  up  and  rectified 
to  proTide  the  second-anode  voltage  for  the  picture  tube 
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FIG.  8 — Horisontal  deflection  system  and  voltage-tripler  high-voltage  source  of  the 
projection  model.  As  in  the  10-inch  chassis  (Fig.  7).  the  voltage  across  the  damper, 
lost  in  prevror  designs,  is  fed  back  to  the  deflection  amplifier 


oscillations  adds  to  the  available  de¬ 
flection  amplitude  without  the  cost 
of  additional  components. 

When  the  deflection  amplifier  is 
cut  off  at  the  end  of  each  line,  the 
sudden  cessation  of  current  through 
the  transformer  primary  produces  a 
pulse  of  the  order  of  5,000  volts. 
The  6BG6-G  tube  is  constructed  to 
stand  this  voltage,  and  the  voltage 
pulses  are  rectified  to  provide  the 
second-anode  potential  for  the  pic¬ 
ture  tube.  The  voltage  pulses  are 
first  stepped  up  to  about  9,000  volts 
by  an  autotransformer  winding  on 
the  output  transformer  primary, 
and  then  passed  to  the  type  8016 


Optleal  •ImuMita  of  th«  pro]«ctien  lyalmu.  Th«  45-d«grM  mirror  If  of  right 
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Integrating  Tube 

Continuously  repeated  explosions  of  oxygen  and  hydrogen  produced  by  electrolysis  of  an 
acid  solution  provide  a  method  of  duplicating  time  cycles  or  integrating  the  flow  of 
liquid  or  gas.  Accuracy  as  high  as  0.25  percent  is  obtained  when  atmospheric  pressure 

changes  are  compensated 

- By  JENS  SIVERTSEH - 

Chief  Engineer 
George  E.  Fredericke  Co. 

Bcthayrea,  Penneylrania 


trolysis  process  starts  again,  while 
the  relay  deenergizes  and  the  heater 
current  is  automatically  broken. 

Application 

If  the  tube  is  used  as  outlined 
above  we  have  an  automatic  re¬ 
cycling  timer  with  an  inherent  ac¬ 
curacy  equal  to  that  of  the  voltage 
E.  If  only  one  operation  or  cycle  is 
desired,  we  arrange  the  relay  in¬ 
terlocking,  so  that  one  operation 
will  stop  the  process  and  a  button 
must  be  pressed  to  start  the  next 
cycle. 

When  the  resistor  iZ,  is  made 
variable,  we  have  a  simple  way  of 
adjusting  the  period  of  the  timing 
cycle.  If  the  resistor  is  arranged  to 
be  continuously  varied  by  the  indi¬ 
cating  mechanism  of  an  instrument, 
the  time  between  operations  will 
vary  inversely  proportional  to  the 
average  current  during  the  time  in¬ 
tegral  of  the  current,  which  is  con¬ 
stant.  This  constant  depends  on  the 
volume  of  the  bell  down  to  the  level 
where  the  electrodes  become  dry, 
and  is  the  significant  constant  for 
the  tube. 

In  this  way,  the  tube  can  inte¬ 
grate  the  product  of  time  and  any 
other  quantity  which  can  be  trans¬ 
lated  into  electric  current,  either 
directly  or  by  controlling  a  po¬ 
tentiometer  or  rheostat. 

A  tube  manufactured  according 
to  the  preceding  description  will 
work  well  for  quite  a  number  of  re¬ 
peat  operations,  but  after  awhile  it 
will  be  noticed  that  the  solution 
does  not  fill  the  bell  completely  after 
each  explosion  of  the  gas  bubble.  It 
will  be  found  that  after  the  explo¬ 
sion  some  gas  is  left  inside  the  bell 
and  this  gas  will  diminish  the 


amount  of  hydrogen-oxygen  mix¬ 
ture  necessary  to  be  generated  be¬ 
fore  the  next  explosion.  This  will 
shorten  the  timing  cycle -with  each 
operation  and  the  desired  accuracy 
is  not  obtained. 

The  explanation  for  this  action  is’ 
found  to  be  a  number  of  disturbing 
secondary  actions.  The  most  impor¬ 
tant  of  these  factors  seems  to  be 
that  the  explosion,  which  happens 
very  rapidly  (approximately  0.01 
second)  does  not  result  in  a  com¬ 
plete  combustion.  Some  unexploded 
oxygen  or  hydrogen  is  forced  out 
of  the  bell,  leaving  a  surplus  of  one 
or  the  other.  This  condition  is 
eliminated  by  an  automatic  valve 
which  opens  due  to  the  pressure 
from  the  explosion. 

The  valve  in  the  newest  type  of 
tube  consists  of  a  small  opening  at 


the  top  of  the  bell.  Normally  the 
opening  is  closed  by  the  capillary 
action  of  the  liquid  in  the  tube.  The 
unexploded  oxygen  or  hydrogen  is 
forced  through  this  valve  with  each 
explosion  into  the  upper  part  of  the 
glass  tube  where  the  second  heater 
filament  H,  is  located.  The  gases 
collect  in  this  section  of  the  tube, 
and  when  the  filament  Ht  is  lighted 
during  the  following  explosion,  the 
gases  will  convert  to  water  vapor. 

Accuracy 

Faraday’s  law  stated  that  the 
number  of  molecules  generated  by 
the  electric  current  is  not  affected 
by  any  other  physical  conditions, 
such  as  temperature  or  pressure, 
and  because  of  this  independence 
we  have  the  basis  for  an  accurate 
measuring  device.  However,  the  bell 


FIG.  2 — Periodic  exploiiong  ineide  the  glau  bell  oi  the  integrating  tube  take  place 
according  to  Foraday's  law 
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AUXILIARY  HEATER,  H. 


MAIN  HEATER,  H, 


FIG.  1 — Arrangement  oi  electrodei  and  heater  elements  in  the  electrolytic  integrating  tube 


number  of  chemical  equivalents  re¬ 
leased,  and  F  is  Faraday’s  constant. 

One  Faraday  is  equal  to  96,500 
coulombs.  This  law  is  the  basis  of 
the  international  ampere,  one  am¬ 
pere  being  the  current  which  will 
deposit  0.00118  gram  of  silver  per 
second.  For  very  accurate  current 
measurement  in  the  laboratory,  this 
method  is  still  used. 

Attempts  have  been  made  to  ap¬ 
ply  the  law  technically  as  an  am¬ 
pere-hour  meter.  Butler  (1880)  and 
W.  B.  Thorpe  (1908)  in  London, 
England  patented  ampere-hour 
meters  based  on  Faraday’s  law. 
Others  have  tried  to  use  the  sys¬ 
tem  for  timing  purposes  (J.  W. 
Dehn  and  O.  Myers,  New  York 
1937)  but  apparently  the  funda¬ 
mental  difficulties  in  the  system 
The  number  of  water  molecules  were  not  realized  and  overcome, 
derived  from  the  process  is  deter¬ 
mined  only  by  the  product  of  cur¬ 
rent  and  time.  Temperature,  pres-  Figure  1  shows  a  chassis  with  an 
sure  or  even  the  acidity  of  the  solu-  integrator  tube.  It  consists  of  a 

tion  have  no  influence  upon  the  glass  tube  /,  closed  at  the  bottom 

speed  of  the  electrolytic  process,  and  having  a  cathode  and  anode 

This  law  was  discovered  by  Fara-  located  inside  a  small  inverted  glass 

day,  and  is  valid  for  all  electrolytic  bell  A  to  C.  The  bell  is  open  at  the 

processes.  ♦  bottom  and  is  surrounded  by  the 

Q=:FxN=  idt  liquid  within  the  large  tube.  The 

where  Q  is  the  amount  of  electricity  tube  is  filled  with  an  acid  solution, 

measured  in  coulombs  and  equals  When  current  is  passed  between 

the  time-current  integral,  N  is  the  the  cathode  and  anode,  the  oxygen 


HE  INTEGRATING  TUBE  to  be 
described  possesses  some  re- 


and  hydrogen  which  is  generated 
form  a  gas  bubble  B  inside  the  bell 
and  as  the  bubble  expands  down¬ 
ward  the  liquid  is  forced  out  and 
eventually  the  two  electrodes  are  al¬ 
most  dry. 

Figure  2  shows  the  tube  in  dia¬ 
grammatic  form.  When  the  electrodes 
are  out  of  the  solution,  the  appar¬ 
ent  resistance  across  them  increases 
sharply  as  the  electrode  current  I, 
approaches  0.  The  voltage  across  re¬ 
lay  Ej  was  Ei=E—R>iIi+Ii)  where 
/,  was  negligible  relative  to  h  due 
to  the  high  resistance  of  the  relay. 
When  the  current  It  through  the 
electrode  disappears  (when  the  elec¬ 
trodes  are  dry) ,  we  have  Et=E—Rh 

and  the  relay  current  h  = 

This  relay  current  is  sufficient  to 
energize  the  relay  and  close  the  con¬ 
tact  for  the  heater  current  which 
heats  the  filament  Hi  located  inside 
the  bell.  (This  current  also  heats  the 
filament  f/*,  which  will  be  discussed 
later.) 

The  hot  wire  H,  ignites  the  hy¬ 
drogen-oxygen  mixture  above  the 
electrodes  inside  the  bell  and  the 
gas  mixture  explodes  and  becomes 
a  water  vapor  which  immediately 
condenses.  The  vacuum  space  is  im¬ 
mediately  filled  by  the  liquid  rush¬ 
ing  back,  filling  the  bell.  The  elec- 


Constryction  of  Tube 
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which  is  used  to  measure  the  gas 
mixture  does  not  actually  count  the 
number  of  molecules  but  rather 
measures  volume.  The  gases  expand 
one  part  in  273  for  each  degree  C 
rise  in  temperature  (under  con¬ 
stant  pressure).  This  corresponds 
to  an  error  of  approximately  10 
percent  for  each  27.3  degrees  C. 
The  glass  bell  itself  will  also  ex¬ 
pand  somewhat  and  therefore  will 
tend  to  decrease  the  error  with  the 
result  that  the  combined  error  is 
approximately  one  percent  per  3.j5 
degrees  C  temperature  change.  If, 
in  series  with  the  current,  we  ar¬ 
range  a  resistor  (iJ,  in  Fig.  2) 
having  a  positive  temperature  co¬ 
efficient  of  0.035,  this  error  is  elim¬ 
inated.  This  is  accomplished  by 
using  a  composite  component  in 
which  one  resistor  is  made  of  nickel 
wire. 

The  integrating  tube  /  (Fig.  1) 
is  sealed  with  a  cap  at  the  top.  This 
seal,  however,  is  not  complete  as  a 
small  vent  is  provided,  which  will 
open  for  internal  overpressure. 

The  reason  for  this  automatic 
valve  is  interesting.  A  number  of 
tubes  were  manufactured  and  tested 
for  constancy  of  integrating  time 
T.  They  were  completely  sealed. 
Some  had  in  operation  the  second 
heater  Ht  and  some  did  not.  It 
was  found  that  the  time  interval 


increased  steadily  with  a  number  of 
operations.  Sometimes  10,000  con¬ 
secutive  operations  increased  the 
integrating  time  only  10  percent 
while  at  other  times  1,000  opera¬ 
tions  would  triple  the  time  interval. 

In  all  cases  it  was  found  that  the 
intervals  ultimately  were  three  or 
four  times  what  they  were  at  the 
beginning  of  the  test.  The  current 
was  held  constant  and  the  timing 
cycles  were  recorded  on  a  Brown 
Electronik  potentiometer  which 
clearly  indicated  the  increase  in 
time.  In  all  cases,  the  completely 
sealed  cap  on  the  top  of  the  tube 
finally  blew  off  if  the  top  heater  Ht 
was  not  in  operation.  With  the  top 
heater  if,  in  operation,  the  timing 
cycles  remained  constant  within  20 
percent  and  no  caps  popped  off. 

It  was  also  found  that  with  the 
heater  Ht  operating,  the  timing  in¬ 
terval  would  increase  much  more 
slowly,  and  later  during  the  test 
even  would  decrease  at  times.  How¬ 
ever,  the  timing  never  became 
shorter  than  it  was  at  the  beginning 
of  the  test.  The  reason  for  this  is 
clearly  shown  in  the  following  table, 
showing  the  relative  solubility  of 
hydrogen  and  oxygen  in  water.  Not 
only  are  oxygen  and  hydrogen  pro¬ 
duced  by  the  electrolytic  process, 
but  these  gases  are  also  present, 
dissolved  in  the  liquid. 


repre 
water 
ing  01 


Outgassing  the  water  dues  not 
solve  the  remaining  problem  be¬ 
cause  the  solution  acquires  new  gas 
from  the  electrolytic  process.  The 
relative  solubility  of  the  gases 
varies  widely  with  temperature; 
they  are  therefore  present  in  the 
solution,  for  our  purpose,  in  a 
purely  arbitrary  ratio — not  the  2:1 
mathematical  ratio  which  will  ex¬ 
plode  into  water  vapor.  There  are 
also  olher  gases,  such  as  nitrogen, 
dissolved  in  the  liquid. 

D«gr**  of  Error 

It  is  not  certain  that  all  the  oxy¬ 
gen  and  hydrogen  generated  at  the 
electrodes  reach  the  upper  part  of 
the  bell  jar  to  form  the  gas  bubble. 
Some  of  it  is  dissolved  in  the  water 
if  the  temperature  is  such  that  the 
solution  is  not  saturated.  At  other 
times  the  solution  will  release  parts 
of  the  gas  to  the  bubble  and  it  will 
not  release  the  gases  in  the  proper 
ratio.  In  reality,  the  process  is  more 
complicated  than  this.  We  should 
assume  that  at  all  times  some  of  the 
generated  gas  is  taken  by  the  solu¬ 
tion  before  it  reaches  the  bell  jar, 
and  other  gases  are  released  from 
the  solution  at  the  same  time. 

We  have,  therefore,  a  dynamic 
equilibrium  which  apparently  tries 
to  upset  the  mathematical  accuracy 
of  the  process.  This  error  is  very 
small  for  a  few  operations  and  dis¬ 
appears  when  room  temperature  is 
constant  (which  can  not  be  as¬ 
sumed).  However,  this  small  error 
is  cumulative  for  a  number  of  con¬ 
secutive  operations. 

The  fact  that  we  have  opened  the 
small  vent  in  the  cap  to  the  outside 
atmosphere  assures  that  the  gas  col¬ 
lected  within  the  tube  will  be  at 
substantially  constant  pressure  P. 

P=P,-\-A+h 

where  P,  equals  the  small  pressure 
required  to  open  the  vent.  Atmo¬ 
spheric  pressure  is  represented  by 
A.  The  height  of  the  water  solu¬ 
tion  from  the  bottom  of  the  bell  is 


FIG.  3 — Complete  racuum-tube  integrator.  Maximum  and  minimum  limit  controls 

are  on  the  front  panel 


June,  —  ELECTRONICS 


Temperature, 
degrees  C 

0  Saturation- 
11  Saturation 

0 

2  275 

10 

1  946 

20 

1  .706 

30 

1 . 535 

40  . 

1.403 

50 

1.300 

60 

1 . 207 

70 

1  117 

FIG.  4 — latvgrotor  circuit  with  racuum-tub*  amplifier 


represented  by  h.  The  height  of  the 
water  solution  varies  slightly  dur¬ 
ing  one  operation  but  this  change  is 
very  snuill  and  is  the  same  for  each 
operation  and  is,  therefore,  without 
significance.  The  pressure  required 
to  open  the  vent  is  also  very  small 
and  substantially  constant. 

Atmospheric  pressure,  therefore, 
is  the  only  significant  varying  fac¬ 
tor  and,  contrary  to  what  is  be¬ 
lieved,  will  vary  widely  in  some 
localities — as  much  as  plus  or  minus 
five  percent  on  some  days  during 
the  year.  The  average  pressure 
from  month  to  month,  however,  is 
within  0.1  percent  of  any  other 
month  during  the  year. 

We  can,  therefore,  consider  three 
different  types  of  operation: 

(1)  A  long  range  operation  where 
we  are  only  interested  in  the  total 
integral  over  a  relatively  long  pe¬ 
riod  of  time.  According  to  the 
theory  of  probability,  the  errors 
will  cancel  each  other  out. 

(2)  A  short  time  operation  where 
we  demand  less  accuracy  than  plus 
or  minus  five  percent,  the  maximum 
error  for  the  worst  days  of  the  year 
from  the  standpoint  of  atmospheric 
pressure  change.  In  this  case,  the 
instrument  can  be  used  without 
compensation. 

(3)  Where  a  relatively  high  ac¬ 
curacy  ranging  from  i  to  two  per¬ 
cent  is  required  it  is  necessary  to 
compensate  for  atmospheric  pres¬ 
sure  changes.  This  was  accom¬ 
plished  in  the  same  manner  as  the 
temperature  compensation,  with  a 
series  resistor  in  the  anode  circuit. 
This  resistor  is  varied  by  a  bellows 
which  will  change  the  total  resis¬ 
tance  plus  or  minus  five  percent — 
corresponding  with  atmospheric 
pressure  changes.  The  resistance 
will  increase  when  the  atmospheric 
pressure  is  decreasing  and  will  de¬ 
crease  for  rising  pressure. 

It  may  seem  that  a  permanent 
changing  calibration  can  take  place 
because  of  the  slowly  disappearing 
head  of  water  solution  during  the 
long  time  operation.  Experience  has 
shown  that  this  change  is  less  than 
two  mm  over  a  six  months  period 
of  time.  Atmospheric  pressure  cor¬ 
responds  to  10  meters  and  therefore 
the  error  caused  by  the  changing 
head  within  the  tube  is  less  than 
0.02  percent  and  is  negligible.  The 
amount  of  moisture  released 


through  the  vent  in  the  cap  is  so 
small  compared  with  the  normal 
moisture  content  in  the  air  that  it  * 
will  not  have  any  measurable  ef¬ 
fect  inside  a  cabinet  which  is  open 
to  the  air. 

CIreait  Valacs 

The  circuit  shown  in  Fig.  2  is 
practical  for  an  adjustable  timer  in 
the  ratio  of  6:1  by  making  the  re¬ 
sistor  variable — or  preferably  by 
varying  both  Ri  and  R,  by  introduc¬ 
ing  a  series  resistor  in  the  relay 
branch.  The  relay  is  designed  for 
low  current  and  high  resistance.  A 
4.6-ma,  4000-ohm  relay  gives  ex¬ 
cellent  results  over  the  range  stated. 
This  5:1  ratio  is  limited  to  short 
timing  intervals  of  15  seconds  to 
li  minutes  and  corresponds  to  an 
electrolysis  current  of  80  to  15  ma 
as  can  be  seen  from  the  table  below. 

For  longer  range  timing  and  in¬ 
tegration,  the  instrument  shown  in 
Fig.  3  has  proven  useful.  This  ap¬ 
plies  the  circuit  shown  in  Fig.  4  and 
may  also  be  used  for  short  time  op¬ 
eration.  It  contains  a  tube  grid  in 
place  of  the  relay  coil — the  action 
is  practically  the  same. 

The  electrolysis  voltage  is  sub¬ 
stantially  constant,  around  2.6  volts. 
When  the  gas  bubble  fills  the  bell, 
this  voltage  will  rapidly  rise  several 
volts  until  the  relay  operates.  The 
value  depends  upon  the  supply  volt¬ 
age  E,  other  circuit  constants  and 


at  what  voltage  the  relay  acts.  The 
electronic  tube  which  is  biased  to 
cutoff,  with  its  grid  connected  to 
the  anode  of  the  integrator,  will  be¬ 
come  positive  and  pass  a  substan¬ 
tial  current  through  the  relay. 

The  tube  as  presently  manufac¬ 
tured  has  a  constant  of  approxi¬ 
mately  1.2  coulombs  or  1,200  mil- 
liampere-seconds.  The  following 
table  shows  the  time  between  in¬ 
tegrals  based  on  average  current 
between  each  explosion. 


AveraM 
Current  (nia) 

Time  (sec.) 

Time  (min. 

80. 

15 

1/4 

40. 

30 

1/2 

20. 

60 

1 

10. 

120 

2 

240 

4 

1. 

1200 

20 

0.5 

2400 

40 

0.1 

12000 

200 

0.05 

24000 

400 

Work  is  progressing  to  develop 
tubes  capable  of  one  to  two  million 
operations  with  a  spark  gap  instead 
of  the  heater  wire  to  ignite  the  oxy¬ 
gen-hydrogen  mixture.  The  associ¬ 
ated  equipment,  however,  will  not 
be  quite  as  simple  as  it  is  with  the 
heater  wire  arrangement.  It  is  felt 
that  the  present  system,  with  a 
heater  wire  for  ignition,  is  simple 
and  well  suited  for  industrial  equip¬ 
ment.  After  100,000  operations,  a 
replacement  of  the  integrator  tube 
is  desirable. 


il 


ELECTRONICS  — June.  1947 


95 


Filament  of  temperature-limited  diode  serves  as  controlling  element  of  bridge-type  regu¬ 
lator  circuit  that  holds  a-c  output  voltage  constant  within  0.2  percent  over  10  to  1  load 
range.  Stability  of  d-c  version  equals  that  of  batteries 


The  basic  diode-controlled  a-c 
voltage  -  regulating  arrange¬ 
ment  shown  in  Fig.  1  employs  a  pri¬ 
mary  source  of  voltage  reference, 
sufficient  gain  to  keep  the  reference 
and  the  controlled-  voltage  within 
very  narrow  limits,  simple  correct¬ 
ing  circuits  not  limited  by  power¬ 
handling  capacity  or  response  time, 
and  a  sensing  element  which  is  not 
forced  to  operate  in  any  given 
range  of  voltages  or  currents. 

A  special  temperature  -  limited 
diode  Vi  having  operating  charac¬ 
teristics  represented  by  the  curves 
in  Fig.  2  and  3  acts  both  as  sensing 
element  and  as  the  primary  refer¬ 
ence  of  voltage  and  at  the  same  time 
gives  a  large  gain. 

The  diode  is  treated  basically  as 
a  triode  having  a  very  large  volt¬ 
age  gain,  where  filament  voltage 
rather  than  grid  voltage  is  em¬ 
ployed  as  the  controlling  element 
and  Rf  is  a  very  strong  function 
of  the  filament  voltage. 


been  exercised  in  processing  and 
stabilizing  these  tubes  so  that  they 
maintain  a  long-term  life  charac¬ 
teristic  and  a  response  time  of  0.1 
second,  particularly  when  operated 
in  the  temperature-limited  condi¬ 
tion.  The  plate  resistance  is  gen¬ 
erally  employed  at  a  relatively  high 
level  because  filament  voltages  are 
of  such  a  magnitude  that  the 
operating  temperature  of  the  fila¬ 
ment  is  very  low.  Since  the  life 
of  a  tungsten  filament  is  a  multiple- 
powered  function  of  the  operating 
temperature,  the  tubes  have  a  long 
life  expectancy. 

The  beam-power  tube  is  employed 
to  control  a  saturable-core  reactor 
which  in  combination  with  an  auto¬ 
transformer  allows  control  of  a-c 
voltages,  thus  obtaining  an  a-c  volt¬ 
age  regulator  capable  of  high 
accuracies  and  virtually  independ¬ 
ent  of  input  line  frequency,  power 
factor,  or  load,  and  having  a  load 
range  limited  only  by  the  charac- 


In  the  circuit  of  Fig.  1,  assum¬ 
ing  there  is  1,000  volts  across  the 
bridge,  a  change  of  0.1  volt  in  the 
filament  of  this  type  of  tempera¬ 
ture-limited  diode  causes  unbal¬ 
ances  of  8  or  9  volts  in  the  bridge. 
Inasmuch  as  it  is  desirable  to  main¬ 
tain  the  bridge  at  relatively  high 
impedance,  this  voltage  is  fed  into 
the  grid  of  a  subsequent  beam- 
power  tetrode.  The  output  of  this 
tube  can  then  be  used  in  a  multi¬ 
tude  of  ways  to  control  circuits 
which  correct  the  voltage  being 
controlled. 

Since  temperature-limited  diode 
emission  characteristics  determine 
the  characteristics  of  any  regula¬ 
tion  unit  using  this  principle,  the 
criterion  of  final  performance  is 
determined  by  the  factors  involved 
in  processing  these  tubes.  Thermal 
inertia  for  this  type  of  tube  has 
been  reduced  to  a  minimum,  con¬ 
sistent  with  good  tube  manufac¬ 
turing  practice.  Great  care  has 
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FIG.  1 — Ba^c  diode-controUod  a-c  Toltage  regulator  circuit  for  providing  low  Toluei 
of  voltage  at  high  current  with  etability  comparable  to  that  of  itorage  batteries 


FIG.  2 — ^Variation  of  plate  resistance  with 
filament  voltage  for  Sorensen  2AC15  diode 
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Complate  dio<l«-controU*<l  voltage  regulator  unit 


teristics  of  the  saturable-core 
reactor. 

Typical  accuracy  for  units  of 
this  type  is  0.2  percent  over  a 
10  to  1  load  range  with  input  volt¬ 
ages  from  95  to  125  volts.  Voltage 
distortions  of  less  than  5  percent, 
using  only  a  slight  degree  of  cir¬ 
cuit  attenuation,  have  been  ob¬ 
tained  by  a  proper  combination  of 
the  autotransformers  and  satur¬ 
able-core  reactors. 


A  second  adaptation  of  the  basic 
principles,  shown  in  Fig.  4,  feeds 
the  a-c  output  into  a  rectifier.  The 
diode  is  actuated  by  the  output  of 
the  rectifier  circuit.  This  arrange¬ 
ment,  called  the  Nobatron,  is  es¬ 
pecially  valuable  at  high  currents 
and  low  voltages,  and  maintains  its 
output  at  plus  or  minus  0.5  percent 
over  its  rated  load  range.  • 

In  still  another  adaptation  of 
the  basic  circuit,  the  output  of  the 


control  circuit  is  fed  into  a  phase- 
shifting  circuit.  This  may  be  a 
saturable-core  reactor  phase  shift 
network  which  can,  in  turn,  con¬ 
trol  the  output  of  a  grid-controlled 
thyratron  power  supply.  This 
type  of  application  offers  extreme 
versatility  since  the  temperature- 
limited  diode  may  be  actuated  by 
a-c,  d-c,  or  r-f  power,  thus  provid¬ 
ing  a  means  of  controlling  virtually 
all  high  power  and  high  current. 

Application  possibilities  for  a 
diode-controlled  regulation  unit  are 
widespread  since  such  a  unit  will 
operate  on  frequencies  between  50 
and  60  cycles  while  still  maintain¬ 
ing  voltages  within  the  rated  ac¬ 
curacies.  It  will  provide  high 
inherent  accuracies  and  give  a 
truer  wave  form  even  over  wide 
load  fluctuations.  Finally,  it  al¬ 
lows  an  adjustable  voltage  output 
when  desired. 
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FIG.  3 — Variation  oi  plate  current  with 
filament  voltage  ior  Soreneen  80C1S  diode 


Voltage  Regulators 


FIG.  4 — Nobatron  circuit,  uting  dr7.4l.sk  rectiiier  in  coniunction  with  temperoture- 
limited  diode  ior  regulating  high  values  oi  direct  current  at  low  voltage 
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A  fluctuating  audio  signal  from  a  gas  tube  is  peaked,  amplified,  and  applied  to  a  spark  coil 
that  discharges  at  irregular  intervals.  The  resulting  r-f  signal  may  be  used  to  simulate  click, 

thunderstorm,  hiss  or  grinder  static 
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Good  performance  is  based  on  paratus  which  simulates  the  various 
good  testing.  In  no  field  is  this  types  of  static.* 
statement  truer  than  it  is  in  the  de¬ 
sign  of  radio  receivers.  Receiver  Charaetarlaflca  of  Static 

performance  has  improved  at  a 
pace  set  by  the  development  of  test¬ 
ing  methods  and  equipment. 

One  big  gap  in  radio  testing  pro¬ 
cedures  became  evident  during  the 
war.  There  were  no  established 
methods  of  imitating  atmospheric 
static  in  the  laboratory.  This  paper 
describes  methods  which  were  de¬ 
veloped  to  fill  in  the  gap.  It  pre¬ 
sents  a  simple  quantitative  method 
of  specifying  the  characteristics  of 
static  which  are  important  for  re¬ 
ceiver  design,  and  it  describes  ap- 

*  This  work  was  bejrnn  under  Contract 
OEMar-658  between  OSRD  and  Harvard 
University,  where  it  is  continuing  under 
Contract  N5orl-76  with  the  U.  8.  Navy 
Office  of  Naval  Research. 


The  intense  static  from  local 
thunderstorms,  and  probably  most 
other  types  of  atmospheric  static, 
arises  from  very  brief  electrical  or 
electro  -  magnetic  disturbances. 
These  disturbances  are  transients 
of  extremely  short  duration.  They 
often  occur  in  bursts,  trains,  or 
crashes.  Their  times  of  occurrence 
are  highly  irregular,  if  not  com¬ 
pletely  random.  They  are  irregular 
also  in  amplitude.  Each  pulse  scat¬ 
ters  energy  continuously  through  a 
wide  band  of  the  radio-frequency 
spectrum. 

The  atmospherics  encountered  at 
any  given  station  depend  not  only 


SINGLE  PULSE  OF  STATIC 
FROM  SPARK  GAP 

(0) 

AUDIO  STATIC  FROM  RECEIVER 


FIG.  1 — Random  noUo  (A)  ii  put  through 
a  circuit  which  posAM  only  noiso  poaks 
(B).  Tho  pooks  ore  amplified  and  acti¬ 
vate  a  spark  gap.  One  pulse  of  the 
resultant  r-f  static  has.  when  observed 
on  a  video  oscilloscope,  the  waveform 
shown  at  (C).  The  audio  static  output 
of  o  receiver  under  test  (D)  results  from 
a  series  of  pulses 
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with  tho  rocoiTor  under  test  r>f  generator,  and  n&xing  circuits 


ber  of  pulses  per  second  may  vary 
within  quite  wide  limits,  it  is  pos¬ 
sible  to  think  of  a  particular  sample 
of  static  as  having  an  average  prf. 
For  various  samples,  the  average 
prf  may  range  from  near  zero  to 
exceedingly  high  values.  When  the 
prf  is  low  and  the  pulses  are  widely 
spaced,  the  intermittent  character 
of  static  is  emphasized.  On  the 
other  hand,  when  the  prf  is  high 
and  the  pulses  are  closely  spaced, 
static  takes  on  the  character  of 
fluctuation  noise  (recently  called 
white  noise). 

The  static  density  determines  the 
way  in  which  we  must  look  at  re¬ 
ceiver  performance.  When  it  is 
dense  and  is  observed  through  a 
narrow-band  receiver,  the  individ¬ 
ual  pulses  are  broadened  by  pas¬ 
sage  through  the  narrow-band  cir- 


on  local  conditions  but  also  upon  pulses  which  set  resonant  circuits 
conditions  in  remote  regions,  espe-  into  oscillation.  The  important  char- 
cially  upon  propagation  between  acteristics  of  the  impulses  are,  first, 
these  regions  and  the  receiving  sta-  their  intensity,  and,  second,  their 
tion.  For  this  reason  the  character-  spacing  or  distribution  in  time.  If 
istics  of  atmospheric  static  are  by  the  impulses  follow  one  another 
no  means  simple.  They  vary  from  closely,  we  speak  of  dense  static ;  if 
one  geographical  locatio'n  to  an-  they  occur  so  infrequently  that  the 
other  and  from  one  frequency  band  after-effects  of  one  impulse  are  gone 
to  another.  They  vary  with  the  time  before  the  next  impulse  comes 
of  day,  from  day  to  day,  and  from  along,  we  speak  of  sparse  static, 
season  to  season.  The  significance  of  static  density  in 

Measurements  of  intensity  alone  determining  its  interference  value 
fail  to  indicate  just  what  static  is.  has  not  always  been  well  under- 
Equivalent  microvolts  do  not  tell  stood,  and  contradictions  have  re- 
what  a  burst  of  static  will  do  to  a  suited  from  failure  to  specify  the 
sensitive  radio  receiver.  density  of  the  static  under  diseus- 

Sfotie  Drasity  Static  density  may  be  designated 

It  is  most  useful  for  the  present  conveniently  in  terms  of  a  notation 
purpose  to  think  of  atmospheric  borrowed  from  radar :  pulse  repeti- 
static  as  a  series  of  transient  im-  tion  frequency.  Although  the  num- 
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ergy  is  essentially  uniform.  It  is 
ordinarily  not  necessary,  therefore, 
in  simulating  static  for  receiver 
tests,  to  match  the  spectrum  of 
natural  atmospherics. 


Standards  for  Measuring  Static 

The  following  procedure  has  been 
adopted  as  a  standard  method  of 
specifying  atmospheric  static;  If 
the  static  is  relatively  homogeneous, 
it  is  expressed  in  terms  of  two  meas¬ 
ures:  (1)  the  intensity  in  a  band 
10  kilocycles  wide,  centered  at  the 
frequency  to  which  the  receiver  is 
tuned,  and  (2)  the  average  prf. 
The  first  quantity  is  usually  calcu¬ 
lated  from  measurements  made  with 
a  receiver  of  known  selectivity.  The 
second  quantity  is  determined  with 
the  aid  of  a  pulse-counting  meter 
and  at  wide-band  receiver. 

The  relation  between  designa¬ 
tions  based  on  this  method  of  spec¬ 
ification  and  the  nomenclature 
which  has  been  used  widely  in  pre¬ 
vious  discussions  of  atmospheric  in¬ 
terference  is  fairly  direct.  The  cor¬ 
respondence  is  approximately  as 
follows:  click  static — weak,  very 
low  prf;  lightning  and  local  thun¬ 
derstorm  static — intense,  low  or  me¬ 
dium  prf;  hiss  static— weak,  very 
high  prf. 

To  describe  the  static  frequently 
referred  to  as  grinders,  a  third 
characteristic  of  natural  static  must 
be  taken  into  account.  Grinders  are 
essentially  bursts  of  pulses.  In 
specifying  the  characteristics  of 
grinders,  the  measures  of  intensity 
and  density  can  be  either  short-time 
averages  within  bursts  or  long-time 
averages  including  a  number  of 
bursts.  In  either  instance,  it  is 
necessary  to  describe  the  static  in 
terms,  for  example,  of  the  per- 
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FIG.  2 — Block  diagram  of  the  static  generator 
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FIG.  3 — Schematic  diagram  of  the  audio  noise  generator  and  peak-pass  circuit 


cuit  and  pile  up  on  each  other’s 
heels.  Dense  static  gives  rise,  there¬ 
fore,  to  an  irregularly  fluctuating 
wave  instead  of  an  irregular  se¬ 
quence  of  spikes.  With  dense  static, 
consequently,  receiver  performance 
can  be  predicted  fairly  accurately 
by  assuming  that  we  have  an  r-f 
carrier  modulated  by  a  continuous 
spectrum  of  noise.  Sparse  static, 
on  the  other  hand,  brings  into  play 
the  time  constant  of  each  of  the  cir¬ 
cuits  in  the  receiver.  The  ring  time 


of  resonant  circuits,  the  time  con¬ 
stants  of  squelch  circuits,  avc  cir¬ 
cuits,  and  noise  limiters,  the  regu¬ 
lation  of  the  power  supply,  are  all 
interrelated  in  the  transient  re¬ 
sponse  of  the  receiver. 

For  most  tests  of  radio  receivers, 
the  shape  of  the  static  spectrum  is 
quite  unimportant.  The  passband  is 
always  narrow  relative  to  the  over¬ 
all  frequency  range  covered  by  the 
static,  and  within  the  passband  the 
average  distribution  of  static  en- 
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centajre  of  the  time  occupied  by 
bursts  and  their  average  frequency 
of  recurrence. 

SiiHHlatioa  of  Local  Static 

The  method  used  in  simulating 
local  thunderstorm  static  and  click 
static  is  illustrated  schematically 
in  Fig.  1.  A  block  diagram  of  the 
apparatus  is  shown  in  Fig.  2,  and 
the  circuits  of  the  audio  noise  gen¬ 
erator  and  the  peak-pass  amplifier 
are  shown  in  Fig.  3. 

As  indicated  (Fig.  1)  the  first 
step  involves  the  production  of  a 
fluctuating  audio-frequency  wave 
(A)  provided  by  a  gas-tube  noise 
generator.  This  wave  is  fed  into  a 
peak-pass  amplifier,  which  gives  it 
the  form  shown  at  (B),  and  then  is 
applied  to  the  primary  of  a  spark 
coil.  The  secondary  of  the  spark 
coil  is  connected  through  a  small 
series  resistance  to  a  spark  gap. 
When  the  voltage  developed  across 
the  gap  by  the  secondary  reaches 
the  breakdown  value,  there  is  a 
very  brief  surge  of  current  through 
the  gap  and  through  the  resistor. 
The  voltage  thus  developed  across 
the  resistor  is  a  series  of  very  short 
pulses  (C)  which  occur  at  irregular 
intervals  and  which  vary  irregu¬ 
larly  in  amplitude. 

The  irregularity  in  time  and  in 
amplitude  is  derived  from  a  ran¬ 
dom  noise  wave  containing  only 
audio  -  frequency  components, 
whereas  the  sharpness  of  the  out¬ 
put  pulses  (which  accounts  for  the 
fact  that  the  spectrum  extends  high 
into  the  radio-frequency  range)  is 
due  primarily  to  the  suddenness 
with  which  the  resistance  of  the 
spark  gap  breaks  down  when  the 
critical  voltage  is  exceeded. 

The  intensity  of  the  simulated 


static  is  adjusted  by  means  of  a 
video  attenuator  of  conventional 
design,  and  the  intensity  level  per 
cycle  (or  per  10-kilocycle  band)  is 
determined  with  the  aid  of  a  re¬ 
ceiver  of  known  selectivity,  by 
measuring  the  equivalent  noise  side¬ 
band  input  and  correcting  for  band¬ 
width.  The  density  of  the  simulated 
static  is  controlled  by  adjusting  the 
gain  of  the  peak-pass  amplifier. 
When  the  gain  is  increased,  more 
of  the  peaks  of  the  voltage  wave 
from  the  gas-tube  generator  are 
pas.sed,  and  more  output  pulses  are 
produced. 

The  average  prf  is  indicated  by  a 
pulse-counting  circuit  connected  to 
the  output  of  a  wide-band  monitor 
receiver.  With  very  low  prf,  the  in¬ 
terference  consists  of  a.  succession 
of  randomly  spaced  clicks.  With 
prf’s  between  20  and  2,000  pulses 
per  second,  the  interference  sounds 
like  typical  thunderstorm  static. 

SimMlation  of  Other  Types 

To  provide  simulated  static  of  the' 
grinders  type,  it  is  necessary  only 
to  introduce  slow,  random,  ampli¬ 
tude  modulation  of  the  audio  noise 
delivered  to  the  peak-pass  amplifier. 
This  is  done  by  applying  an  irregu¬ 
larly  fluctuating  wave  to  the  No.  1 
grids  of  the  6L7  amplifiers  (Fig. 
3).  With  this  arrangement,  the 
equipment  under  test  may  be  sub¬ 
jected  to  irregular  bursts  of  static 
pulses  very  similar  to  natural 
grinders.  These  irregular  bursts 
are  useful  in  showing  up  irregulari¬ 
ties  of  performance  due  to  unstable 
avc  circuits. 

Hiss  static  can  be  simulated  with 
the  spark-gap  generator  by  apply¬ 
ing  high-prf  excitation  and  thus 
forcing  almost  continuous  dis¬ 


charge,  but  under  these  conditions 
the  output  is  not  stable.  For  hiss 
static,  therefore,  it  is  better  to  take 
advantage  of  the  fact  that  when 
vieAved  through  circuits  of  limited 
bandwidth  irregularly  spaced  pulses 
at  very  high  prf  resemble  fluctua¬ 
tion  noise.  Methods  of  generating 
wide-band  fluctuation  noise  with  the 
aid  of  gas-filled  tubes  were  devel¬ 
oped  during  the  war  in  connection 
with  radar  jamming.^ 

Use  Ir  Receiver  Tests 

The  simulated  static  has  been 
.used  extensively  in  laboratory  tests 
designed  to  evaluate  the  perform¬ 
ance  of  radio  receivers  and  of  noise- 
reducing  circuits.  In  most  of  the 
work,  articulation  tests  have  been 
used  to  measure  the  intelligibility 
of  speech  transmitted  over  a  radio 
link  of  which  the  receiver  or  the 
noise-reducing  circuit  comprised  a 
part. 

By  way  of  illustration,  a  typical 
test  setup  is  shown  in  Fig.  4,  and 
the  results  of  a  typical  test  are  pre¬ 
sented  in  Fig.  5.  The  receiver  under 
test  was  equipped  with  a  Wasmans- 
dorff  series-diode  audio  noise 
limiter  which  could  be  switched  on 
or  off.'’  The  aim  of  the  test  was  to 
measure  the  effectiveness  of  the 
limiter  in  overcoming  the  effects  of 
impulsive  static  with  an  average 
prf  of  1,000  pulses  per  second.  Two 
talkers  alternately  read  standard¬ 
ized  lists  of  words  (the  Psycho- 
Acoustic  Laboratory  PB  Lists) 
over  the  test  circuit  to  a  group  of 
experienced  listeners  who  recorded 
the  words  as  they  heard  them.  Tests 
were  conducted  with  various  r-f 
carrier-to-interference  ratios,  half 
of  the  tests  with  the  limiter  op¬ 
erating  and  half  with  the  limiter 
disconnected. 

As  shown,  the  listeners  were  able 
to  understand  many  more  of  the 
words  when  the  limiter  was  used; 
the  advantage  provided  by  the  lim¬ 
iter  was  approximately  equal  to 
that  which?  would  have  resulted 
from  a  10-db  increase  in  carrier 
power. 
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INDUSTRIAL  use  of  precision  spot 
welding  requiring  large  instal¬ 
lations  of  equipment  is  well  known. 
These  installations  are  capable  of 
welding  the  heavy  gages  with  great 
success.  However,  only  slight  at¬ 
tention  has  been  given  to  precision 
welding  of  lightgage  metal  parts. 

Precise  .energy  levels  for  welding 
may  be  dbtained  in  several  ways: 
(1)  Precision  timing  of  the  power 
taken  from  an  unvarying  power 
source;  (2)  Precision  compensated 
timing  of  a  variable  power  source; 
(3)  Precision  controlled  discharge 
of  a  storage  system;  (4)  Precision 
charging  of  a  storage  system  hav¬ 
ing  a  uniform  but  uncontrolled  dis¬ 
charge.  The  last  method  is  flexible, 
capable  of  precision  control  by  sim¬ 
ple  electronic  means,  and  reduces 
the  power  line  demand. 

In  a  capacitor-type  energy  stor¬ 
age  system  whose  storage  level  is 
precisely  controlled,  the  following 
requiremeifts  have  to  be  fulfilled  in 
order  to  deliver  a  precise  level  of 
energy  for  welding:  (1)  The  stor¬ 
age  elements  have  to  be  held  at  a 
precise  energy  level  prior  to  weld- 


Bench->is»  preci¬ 
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The  energy  level  is  controlled 
and  maintained  by  simple  yet  ac¬ 
curate  means.  The  line  voltage  is 
stepped  up  by  plate  transformer  T, 
to  a  voltage  considerably  in  excess 
of  the  ultimate  voltage  level  across 
storage  capacitor  bank  C*.  A  pair 
of  grid-controlled  thyratrons  con¬ 
nected  for  full-wave  rectification 
rectifies  the  output  of  this  trans¬ 
former  and  charges  the  capacitor 
bank. 

The  grids  of  the  rectifiers  are 
controlled  by  the  voltage  drops 
across  grid-to-cathode  resistors  Ri 
and  R4,  as  a  result  of  currents  fiow- 
ing  in  the  grid  control  circuits.  A 
grid  control  circuit  consists,  for 
example,  of  a  glow  lamp  G»,  a  resis¬ 
tor  Rt,  a  phase-shifted  alternating 
voltage,  and  a  reference  direct  volt¬ 
age  all  in  series.  The  phase-shifted 
a-c  voltage  is  obtained  from  trans¬ 
former  T,  and  network  C,  and  R,. 
The  reference  d-c  voltage  is  a  se¬ 
lected  fraction  of  the  voltage  across 
the  storage  capacitor  bank. 

At  no  charge,  the  thyratron  grids 
are  connected  to  cathodes  through 
the  grid  resistors.  As  the  capacitor 
bank  gains  charge,  a  point  is 
reached  where  the  instantaneous 
sum  of  the  d-c  reference  voltage 
and  the  a-c  phase-shifted  voltage 
exceeds  the  flash  voltage  of  the  glow 
lamp.  At  this  point  voltage  builds 
up  across  the  grid  resistors  until 


ing;  (2)  During  the  weld,  the  stor¬ 
age  bank  must  be  discharged  either 
to  zero  or  to  a  predetermined 
level;  (3)  Addition  of  line  energy 
to  the  stored  energy  during  the>dis- 
cTiarge  must  be  prohibited;  (4) 
Random  losses  in  circuit  elements 
have  to  be  avoided.  Among  the 
causes  of  such  losses  are  saturation 
of  the  welding  transformer,  over¬ 
loading  of  the  discharge  tube,  and 
loss  at  joints. 

Control  of  Storage  Energy  Level 

The  equipment  to  be  described 
and  discussed  has  a  maximum  stor¬ 
age  energy  level  of  226  watt-sec¬ 
onds  and  uses  a  storage  bank  hav¬ 
ing  200  /if  maximum  capacitance. 
The  complete  circuit  is  given  in 
Fig.  1. 


FIG.  1 — Circuit  of  precision  electronically-controlled  capacitor-type  spot  welder 
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Technical  details  of  a  compact  capacitor-type  spot  welder  for  light-gage  sheet  metal  and 
wire.  A  tuhe-controlled  200-microfarad  storage  bank  provides  a  maximum  storage  energy 
level  of  225  watt-seconds.  Tubes  also  terminate  the  discharge  and  block  line  power 


the  cutoff  point  of  the  thyratrons  is 
reached. 

The  phase-shifted  a-c  voltage  in¬ 
sures  that  this  cutoff  does  not  hap¬ 
pen  suddenly,  but  at  a  steadily  re¬ 
ducing  current  rate.  With  this  cur¬ 
rent  rate  reduced  to  a  very  small 
value  the  charge  never  comes  to 
zero  completely.  This  trickle  charge 
is  sufficient  to  maintain  an  exact 
preselected  level  of  voltage  across 
the  capacitor  bank  and  replace 
bleeder  losses.  It  operates  continu¬ 
ously,  as  shown  in  the  oscillogram 
in  Fig.  2,  at  the  very  last  part  of 
every  cycle. 

Minute  differences  among  the  in¬ 
dividual  resistances  or  tubes  have 
the  effect  of  causing  the  trickle 
charging  to  be  done  by  one  rectifier 
in  preference  to  both. 

The  use  of  the  glow  lamp  in  the 
grid  control  circuit  results  in  many 
major  advantages  over  other  meth¬ 
ods.  First,  it  greatly  multiplies  the 
accuracy  of  the  control  of  the  ca¬ 
pacitor  bank  voltage.  (The  d-c  ref¬ 
erence  voltage  should  approximate 
the  flash  voltage  of  the  lamp.)  Sec¬ 
ond,  it  allows  independence  from 
line  voltage  variation.  A  close 
analysis  shows  that  even  line  volt¬ 
age  variations  in  the  phase-shifted 
a-c  voltage  are  balanced  out  by  the 
glow  lamps  because  they  operate  in¬ 
termittently  and  not  continuously. 
Variations  in  the  magnitude  of  this 
phase-shifted  voltage  cause  very 
slight  alteration  of  the  conducting 
time  of  the  glow  lamp,  and  hence 
very  slight  alteration  in  the  grid¬ 
controlling  action.  It  has  been 
shown  that  this  arrangement  will 
maintain  the  capacitor  bank  volt¬ 


age  to  ±  2  percent  with  ±  15  per-  verse  charge  determined  by  the  con¬ 
cent  variation  in  the  power  supply,  stants  of  the  circuit.  As  long  as 

the  constants  remain  the  same  each 
discharge  will  result  in  the  same 

The  capacitor  bank  in  Fig.  1  is’  transfer  of  energy  from  the  capaci- 
connected  to  the  welding  trans-  tor  bank  to  the  welding  trans¬ 
former  through  a  grid-controlled  former, 
thyratron.  The  grid  is  kept  highly 
negative  by  the  voltage  across  ca¬ 
pacitor  C*.  When  the  operating 
relay  is  energized,  the  relay  con¬ 
tact  connects  capacitor  C«  across  C< 
through  resistor  R^.  C,  acts  to 
charge  C,  and  for  a  short  interval 
all  of  the  voltage  on  C,  appears 
across  Rt.  As  a  result,  the  grid 
voltage  goes  to  zero  and  the  thyra¬ 
tron  fires,  connecting  the  capacitor 
bank  to  the  welding  transformer. 

The  complete  picture  of  the  curv 
rents  and  voltages  prior  to,  during, 
and  following  a  welding  operation 
is  given  in  the  oscillograms  of  Fig. 

2.  It  will  be  observed  that  since 
the  series  or  discharge  thyratron 
is  a  one-way  conducting  device  the 
capacitor  bank  is  left  with  a  re- 


Discharging  to  a  PrcdotormiRod  Lovol 


Hocking  of  Line  Power  During  Welding 

A  common  source  of  irregularity 
is  random  addition  of  line  power 
to  the  stored  energy  during  the  dis¬ 
charge.  This  fault  is  corrected  in 
the  equipment  under  discussion  by 
blocking  the  rectifiers  through  the 
use  of  recharge  delay  circuits. 

Capacitor  C,  in  Fig.  1  is  charged 
by  a  voltage  taken  off  the  voltage 
divider  through  a  normally  closed 
contact  on  the  operating  relay. 
When  the  relay  is  operated  this  ca¬ 
pacitor  is  connected  to  the  grid  cir¬ 
cuits  of  the  rectifiers.  The  im¬ 
pressed  negative  voltage  is  suf¬ 
ficiently  high  to  break  down  the 
glow  lamps  and  hence  the  rectifiers 
are  blocked  until  the  charge  on  C, 


Successful  Applications  of  Precision  Spot  Welding 


Nickel,  0.01  to  0.08  wire  or  flat,  to  0.04  and  smaller  nickel 

Nickel,  0.01  to  0.08  wire  or  flat,  to  0.06  and  smaller  molybdenum 

Nickel,  0.01  to  0.08  wire  or  flat,  to  0.03  and  smaller  tantalum 

Nickel,  0.01  to  0.08  wire  or  flat,  to  0.05  and  smaller  tungsten 

Nickel,  0.01  to  0.08  wire  or  flat,  to  0.032  and  smaller  copper 

Nickel,  0.01  to  0.08  wire  or  flat,  to  0.025  and  smaller  Dumet 

Steel,  0.001  to  0.032  low  carbon,  to  0.125  and  smaller  low-carbon  steel 

Steel,  0.001  to  0.032  low  carbon,  to  0.02  Nichrome 

Steel,  0.001  to  0.032  low  carbon,  to  0.062  Invar 

Aluminum,  0.001  to  0.015  flat,  to  itself 

Aluminum  alloys,  0.005  to  0.025,  to  themselves 

Cold,  0.003  to  0.025  wire  or  flat,  to  itself 

Platinum,  0.003  to  0.03,  to  itself 
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to  rise  to  a  preselected  value  at 
which  welding  energy  is  applied. 
This  pressure  is  held  constant  after 
the  weld  is  initiated.  The  head  will 
operate  correctly  with  wide  varia¬ 
tions  in  electrode  adjustments  or 
stock  thickness,  and  is  independent 
of  variations  in  manual  operation. 
A  most  desirable  feature  is  the 
elimination  of  any  pressure  stop 
mechanism. 

The  upper  welding  arm  is  pivoted 
in  two  separate  roller  bearings  and 
ns  held  up  by  return  springs  under 
an  anvil  which  is  free  to  .slide  up 
and  down  two  control  posts.  Since 
the  anvil  is  pinned  to  the  center 
control  rod,  the  upper  arm  will  fol¬ 
low  the  anvil  as  it  is  moved  down¬ 
ward  by  the  control  rod.  This  is 
because  the  upper  arm  is  held 
against  the  anvil  by  the  locked-in 
pressure  of  the  weld  pressure 
spring.  This  pressure  also  is  hold¬ 
ing  four  cramp  plates  (two  on  each 
side)  flat  against  the  anvil.  The 
downward  motion  of  the  anvil  is 
possible  only  as  long  as  these  cramp 
plates  are  lying  flat. 

As  soon  as  the  electrodes  touch 
the  work,  further  downward  mo¬ 
tion  of  the  upper  arm  ceases  and, 
as  the  anvil  continues  downward, 
the  cramp  plates  are  lifted  by  the 
spring  in  the  anvil  on  one  side  and 
on  the  other  side  by  a  spring  in  the 
operating  rod  of  a  normally  closed 
precision  snap-action  firing  switch. 
The  shoulder  on  the  control  rod  tips 
the  cramp  plates  and  they  lock  on 
the  two  control  posts.  At  this  point 
the  operating  rod  on  the  firing 
switch  has  risen  far  enough  to  cause 
the  switch  to  operate,  and  the  weld¬ 
ing  energy  is  applied  to  the  weld. 
The  operator  can  not  bring  the 
control  rod  down  any  farther  and 
hence  cannot  increase  the  weld  pres¬ 
sure.  This  action  starts  only  when 
the  electrodes  have  touched  the 
work  and  is  not  dependent  upon 
the  relative  point  in  the  operation 
at  which  this  touching  occurs.  The 
only  mechanism  left  to  move  during 
the  follow-up  period  of  the  weld  is 
the  upper  arm  and  pressure  spring. 
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cause  of  random  energy  loss  during 
the  weld  operation. 

The  value  of  the  d-c  pulse  with 
its  steep  current  wave  front  has 
been  well  established  for  welding 
materials  having  high  thermal  con¬ 
ductivity.*  Such  a  wave  front  has 
the  inherent  capacity  to  produce 
steep  thermal  gradients  and  at  the 
same  time  allow  a  controlled  total 
level  of  energy  independent  of  the 
steepness  of  the  wave  front.* 

By  comparison  the  output  wave 
front  of  conventional  a-c  welding 
eijuipment  delivering  equal  levels 
of  total  energy  is  much  less  steep, 
and  any  change  in  the  energy  level 
is  accompanied  by  a  change  in  the 
slope  of  the  wave  front.  As  a  re¬ 
sult  the  d-c  pulse  coupled  with  suit¬ 
able  welding  mechanisms  can  and 
does  weld  high  thermal  conductiv¬ 
ity  materials  even  in  very  small 
gages.  It  produces  a  weld  section 
which  meets  the  high  stand¬ 
ards  established  by  contemporary 
studies  made  of  welds  produced  by 
equipment  serving  the  heavy  gage 
field. 


W*Iding  h*ad  with  coTsr  ramoTsd 

has  been  dissipated  through  Ri  and 
Rt  sufficiently  to  allow  the  glow 
lamps  to  go  out.  The  charge  delay 
time  is  fixed  by  the  time  constant 
of  the  discharge  circuit  of  C»  and  by 
the  voltage  level  at  which  it  has 
been  charged.  Thus,  the  charge 
^elay  is  self-compensating  as  the 
capacitor  storage  bank  energy  level 
is  varied. 

It  will  be  noted  from  the  oscillo¬ 
grams  that  the  charge  delay  is  ad¬ 
justed  to  positively  exclude  random 
additions  of  power.  Although  the 
weld  is  over  in  approximately  one 
cycle,  the  charging  is  delayed  20 
cycles.  Charging  occurs  on  22 
cycles  and  is  followed  by  the  trickle 
until  the  next  operation. 

Raadom  Losses 

The  biggest  source  of  random 
losses  in  energy  storage  welding 
is  the  saturation  of  the  welding 
transformer.*  Such  saturation  will 
occur  on  transformers  of  conven¬ 
tional  design  when  rapidly  repeat¬ 
ing  unidirectional  pulses  of  energy 
are  applied.  Of  the  many  ways  in 
which  this  undesirable  saturation 
can  be  prevented,  the  most  practical 
solution  for  small  energy  storage 
units  is  use  of  a  large-section  core 
transformer  having  a  carefully  se¬ 
lected  air  gap.  To  keep  the  weight 
and  size  of  this  transformer  down 
as  much  as  possible,  Hypersil  cores 
are  often  employed. 

By  careful  transformer  design 
the  discharge  current  into  the  weld¬ 
ing  transformer  is  kept  within  the 
rating  of  the  series  or  discharge 
tube.  Within  the  useful  life  of  the 
tube,  therefore,  it  will  not  be  a 


WeidiRg  Head 

The  pressure  program  adopted  in¬ 
volves  use  of  a  welding  head  that 
allows  pressure  on  the  welded  joint 


FIG.  2 — Slow-ipeed  oacillogram  showing 
one  complete  cycle  of  welder  operation. 
All  scale  ealues  are  peak.  Frequency  oi 
input  current  curye  at  right  is  60  cycles 
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OVERVOLTAGE 
TESTING  of  Capacitois 


Methods  and  equipment  for  testing  paper- dielectric  liquid-filled  capacitors  for  direct- 
current  service  are  described.  In  addition  to  precautions  for  f)ersonnel  safety,  testing 
techniques  should  limit  charging  and  discharging  currents  and  prevent  oscillation 


By  R.  J.  HOPKINS 

Capacitor  Baffineerinff  Division 
Otneral  Bleetrio  Company 
PittsUi*.  Mass. 


INCREASED  USE  of  electronic  de¬ 
vices  in  all  types' of  equipment 
during  the  past  few  years  has  re¬ 
sulted  in  an  increased  demand  for 
liquid-filled  paper-dielectric  capaci¬ 
tors  for  use  in  d-c  circuits.  With 
many  new  manufacturers  purchas¬ 
ing  capacitors  for  installation  in 
their  equipment,  questions  have 
arisen  concerning  the  methods  of 
making  acceptance  tests  on  capaci¬ 
tors  and  the  proper  test  voltages  to 
be  used.  Included  in  this  article  are 
suggestions  for  methods  of  sam¬ 
pling,  types  of  testing  equipment, 
precautions  to  be  observed,  and  test 
voltages  to  be  used. 


Sampliag 

Because,  in  general,  manufactur¬ 
ers  of  high-voltage  capacitors  elec¬ 
trically  test  100  percent  of  their 
products,  repetition  of  these  tests 
by  customers  on  100  percent  of 
their  incoming  capacitors  should 
be  unnecessary.  Sampling  proce¬ 
dures  that  insure  a  satisfactory 
average  quality  level  (AQL)  have 
been  developed  on  a  statistical 
basis  and  have  been  widely  ac¬ 
cepted  by  industry  for  quality  con¬ 
trol  purposes. 

A  typical  sampling  schedule  simi¬ 
lar  to  that  used  by  the  U.  S.  Army 
for  acceptance  of  d-c  rated  paper- 
dielectric  capacitors  is  given  in 
Table  I.  In  the  event  that  the  num¬ 
ber  of  defective  capacitors  in  any 
sample  quantity  exceeds  that  al¬ 
lowed  by  the  table,  the  lot  from 


For  voltage  teiti  up  to  5,000  volte,  test  prods  handled  by  on  operator  can  be  solely 
used.  Buttons  on  the  handles  oi  the  prods  control  application  ond  removal  of  test 

charge 


which  the  sample  was  taken  can  be 
tested  100  percent. 

Overvoltage  tests  on  capacitors 
include  the  following: 

Dielectric  test: Voltage  is  ap¬ 
plied  from  terminal  to  terminal, 
across  the  active  dielectric. 

Ground  test:  Voltage  is  applied 
from  each  terminal  to  case  where 


the  case  is  not  a  terminal,  and  thus 
across  the  major  insulation  between 
dielectric  assembly  and  case,  in¬ 
cluding  bushings. 

Multiple  sections  test:  Voltage 
is  applied  between  sections  where 
there  are  more  than  one  independ¬ 
ent  section  in  the  same  case. 

When  making  terminal-to-ter- 
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ource  for  the.  duration  of  the  test,  transformer  until  the  tube  fUa- 
iowever,  under  these  circum-  ments  are  heated.  Provision  is  made 
tances  failure  may  occasionally  so  that  filament  power  is  on  as  long 
ccur  at  the  instant  of  discharge  as  the  main  line  switch  is  closed  in- 
fter  the  test,  even  though  the  dis-  dependency  of  the  plate  power, 
harge  current  is  nonoscillatory  and  Control  of  the  plate  voltage  is  ob- 
imited  to  one  ampere.  It  has  been  tained  by  ‘a  variable- voltage  auto- 
hown  that  these  failures  do  not  transformer  in  the  low-voltage  sup- 
ccur  if  the  capacitor  remains  con-  ply.  Plate  voltage  is  switched  on 
lected  during  the  test.  and  off  by  means  of  the  two  push- 

-  .  »  .  -  _  ,  .  buttons  in  the  low-voltage  supply, 

which  are  physically  located  in  the 
Simplest  and  least  expensive  type  handles  of  the  test  prods. 

>f  equipment  for  making  tests  at  .  The  full-wave  rectifier  uses  GL- 
^oltages  below  5,000  volts  d-c  is  the  866-A  mercury-vapor  tubes,  and  the 
so-called  test  prod  or  test-sticker  d-c  supply  is  filtered.  A  voltmeter 
;ype  of  test  set.  This  equipment  in-  and  voltmeter  multiplier,  in  this 
dudes  a  full-wave  rectifier  with  case  a  one-milliampere  meter  and 
plate  voltage  control  to  cover  the  five-megohm  resistor,  are  connected 
voltage  range  desired,  and  a  suit-  across  the  test  leads.  Between  the 
able  voltmeter,  with  two  test  leads  rectifier  and  the  filter,  and  between 
brought  through  flexible  armor  to  a  the  filter  and  the  test  prod,  5,000- 
pair  of  insulated  test  handles,  ohm  resistors  have  been  installed 
Rather  than  moving  the  work  to  to  limit  charging  current  to  one 
the  test  leads,  the  prods  can  be  used  ampere.  The  60,000-ohm  resistor 
by  the  operator  to  apply  voltage  to  connected  across  the  test  leads  pro- 
a  large  number  of  capacitors  with-  vides  a  discharge  path  for  the  test 
out  handling  each  individual  capaci-  capacitor  after  the  plate  voltage  is 
tor.  removed.  This  resistor  is  larger 

For  the  sake  of  safety,  the  cab-  than  is  necessary  to  limit  the  dis- 
inet  access  doors  are  usually  inter-  charge  current  to  one  ampere  be- 
kwked,  and  the  low-voltage  supply  cause,  as  it  is  permanently  con- 
circuit  to  the  plate  transformer  is  nected  across  the  d-c  output,  it 
usually  brought  through  a  pair  of  must  be  high  enough  to  keep  the 
push  button  contacts  on  each  test  current  that  is  drawn  to  a  fraction 
handle,  convenient  to  the  operator’s  of  the  available  rectifier  output, 
thumbs  during  normal  use  of  the  When  testing  with  this  t3T)e  of 
prod.  It  is  thus  difficult  to  obtain  equipment,  the  voltage  must  first 
voltage  at  the  test  handles  unless  be  preset  to  the  desired  test  level, 
the  operator  has  one  in  each  hand.  This  presetting  is  simplified  by  pro- 
A  schematic  diagram  for  such  a  viding  protective  scabbards  for  the 
test  set  is  given  in  Fig.  1.  This  set  test  prods,  close  enough  together  so 
uses  115-volt  60-cps  power,  brought  that  the  operator  can  press  both 
through  a  cabinet  door  interlock  buttons  in  the  handles  with  one 
and  fuse  block  to  a  motor-driven  hand,  leaving  the  other  free  to  ad- 
time-delay  relay  that  prevents  ap-  just  the  voltage  control.  The  prods 
plication  of  power  to  the  plate  are  then  applied  de-energized  to 


Tatting  of  capacitors  at  Toltaget  in  excess 
of  5,000  Tolts  is  done  in  a  test  cage.  Doors 
are  closed  and  Toltage  applied.  Opening 
doors  turns  off  high  voltage  and  discharges 
capacitor 

minal  or  dielectric  tests,  it  is  of 
greatest ’importance  that  charging 
and  discharging  currents  be  non¬ 
oscillatory.  Direct-current  capaci¬ 
tors  are  designed  to  operate  with 
much  higher  voltage  stresses  across 
their  dielectric  than  are  a-c  rated 
capacitors,  and  oscillation  of  either 
charging  or  discharging  currents 
impresses  oscillatory  voltages 
across  the  capacitor  which  may  ex¬ 
ceed  the  a-c  breakdown  strength  of 
the  capacitor,  thus  causing  failure. 

Even  though  the  charging  and 
discharging  currents  are  nonoscil¬ 
latory,  there  is  danger  of  damage 
due  to  high  peak  currents.  Most 
capacitors  designed  for  ordinary 
d-c  operation  are  not  intended  to 
withstand  high  current  surges,  and 
such  surges  may  cause  arcing  at  the 
foil  electrodes.  This  possibility  of 
damage  is  recognized  by  various 
standards  issued  during  the  war  to 
cover  hermetically  sealed  paper  ca¬ 
pacitors.  For  example,  AWS  C-75.16 
and  JAN  C-25  specify  that  charg¬ 
ing  and  discharging  currents  be 
limited  to  one  ampere.  This  limit 
has  been  widely  adopted  by  the  ca¬ 
pacitor  industry.  The  resistance 
required  to  hold  the  capacitor  cur¬ 
rent  within  this  limit  is  more  than 
sufficient  to  suppress  oscillations  in 
the  test  circuits  described  later. 

When  testing,  it  is  possible  to  al¬ 
low  the  capacitor  to  remain  charged 
but  disconnected  from  the  voltage 
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FIG.  2 — Interlocki  ore  mo)  or  circuit  featurea  of  this  test  cage  equipment 
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Table  I — Capacitor  Sampling  Table  ior  Overvoltage  Tests 


Number  of  Sandies  Allowable  Rejects 

First  Second  Combined  First  Combinec 

Lot  Size  Sample  Sample  Samples  Sample  Samples 

Up  to  299  .  25  50  75  0  1 

300-499  .  35  70  105  0  2 

500-799  .  50  100  150  1  3 

»00-l,299  .  75  150  225  2  4 

1,300-3,199 .  100  200  300  2  6 

3,200-7,999 .  150  300  450  3  9 

8,000-21,999  .  200  400  600  4  11 


If  rejects  from  first  sample  exceed  the  allowable  limit  for  a  first  sample,  but  do  not 
exceed  the  allowable  limit  for  combined  samples,  take  second  sample.  If  rejects 
from  first  sample  or  combined  samples  exceed  the  allowable  limit  for  combined 
samples,  reject  lot  fpr  100  percent  tests. 


the  terminals  of  the  capacitors  to 
be  tested,  and  the  buttons  on  the 
handles  depressed,  after  which  the 
voltage  rises  to  the  preset  level.  Af¬ 
ter  the  required  time  of  application 
of  test  voltage,  plate  voltage  is  re¬ 
moved  by  releasing  the  buttons  in 
the  handles,  and  the  capacitor  dis¬ 
charges  through  the  resistor  con¬ 
nected  across  the  test  leads. 

Test  Cage  Type  Eqelpneet 

For  making  tests  above  6,000 
volts,  the  interests  of  safety  to  the 
operator  dictate  using  a  test  set 
with  an  interlocked  test  cage  in 
which  one  capacitor  at  a  time  can 
be  connected  to  the  test  leads.  The 
wiring  diagram  of  such  a  test  set, 
rated  35  kv  maximum,  is  Fig.  2. 

This  set  includes  a  half-wave 
Kenotron  rectifier,  supplied  through 
a  variable-voltage  transformer 
from  a  115-volt  60-cps  source.  Fail¬ 
ure  protection  is  provided  by  both 
fuses  and  circuit  breakers.  Start 
and  stop  push  buttons  with  suitable 
indicating  lights  are  supplied  to 
control  the  coil  current  to  two  con¬ 
tactors  in  series  with  the  plate  sup¬ 
ply.  Two  contactors  are  provided  to 
protect  the  operator  in  case  one 
contactor  sticks.  Door  and  test 
cage  interlocks  open  the  coil  circuit 
of  these  contactors. 

Resistors  are  provided  in  series 
with  the  high-voltage  lead  between 
filter  and  discharge  switch  and  be¬ 
tween  discharge  switch  and  the  test 
leads  to  limit  charging  and  dis¬ 
charging  currents  to  one  ampere. 
An  additional  series  resistance  of 
800,000  ohms  is  provided  to  limit 
the  total  plate  current  to  the  rating 
of  the  tube.  In  this  set  the  dis¬ 
charge  path  is  a  solenoid-operated 


switch  between  the  high-voltage 
lead  and  ground.  The  voltmeter  has 
10-kv  and  35-kv  scales  with  a  sole¬ 
noid-operated  multiplier  switch. 

Testing  with  this  type  of  set  is 
quite  simple.  After  the*  filament  of 
the  rectifier  has  been  heated,  one 
capacitor  at  a  time  is  connected  to 
the  test  leads.  With  the  gate  and 
the  plate  circuit  closed,  voltage  is 
raised  slowly  to  the  desired  level  by 
means  of  the  variable-voltage  trans¬ 
former  and  is  held  at  that  level* 
for  the  desired  time.  At  the  end  of 
the  desired  holding  time,  the  volt¬ 
age  control  is  turned  to  the  zero 
position  and  the  plate  power  re¬ 
moved  by  pushing  the  off  button. 
This  button  also  closes  the  dis¬ 
charge  switch,  thus  draining  the 
charge  on  the  capacitor  quickly 
enough  so  that  substantially  no 
charge  remains  by  the  time  the 
operator  has  opened  the  cage  lo 
change  connections. 

With  this  type  of  set,  capacitors 
should  not  be  connected  in  parallel 
for  test.  With  two  or  more  capaci¬ 
tors  connected  in  parallel,  failure  of 
one  capacitor  allows  the  other  paral¬ 
lel-connected  capacitor  to  discharge 


.  through  the  resultant  short  circuit, 
with  a  discharge  both  oscillatory 
and  of  a  high  peak  current. 

Standard  Test  Voltagns 

Voltages  to  be  used  for  over  volt¬ 
age  testing  of  d-c  capacitors  have 
been  standardized  satisfactorily  in 
the  last  few  years.  These  voltages 
are  now  shown  in  proposed  JAN 
C-25  Amendment  1,  and  it  is  antici¬ 
pated  that  these  same  values  will 
be  recommended  in  industrial 
standards  now  being  designed  to 
cover  capacitors' for  commercial  use. 
Such  test  voltages  inclfide: 

Terminal  -  to  -  terminal  tkt 
voltage:  200  percent  of  rated  d-c 
volts  for  15  seconds,  or  250  percent 
of  rated  d-c  volts  for  one  second. 

Terminal-to-case  voltage:  400 
percent  of  rated  d-c  volts  for  capaci¬ 
tors  rated  600  volts  d-c  and  below, 
and  200  percent  of  rated  volts  plus 
1,000  volts  for  capacitors  rated 
above  600  volts.  The  time  of  appli¬ 
cation  of  full  test  voltage  is  one  sec¬ 
ond. 

Test  voltage  between  multiple 
sections:  200  percent  of  rated  d-c 
voltage  for  a  period  of  one  second. 

If  capacitors  are  not  purchased 
in  accordance  with  the  specifica¬ 
tions  listed  above,  recommended 
test  values  should  be  obtained  from 
the  capacitor  manufacturer.  If 
test  voltages  that  are  used  are  in 
accordance  with  applicable  specifi¬ 
cations,  if  precautions  are  taken 
never  to  exceed  a  charging  or  dis¬ 
charging  current  of  one  ampere, 
and  if  the  test  voltage  source  re¬ 
mains  connected  to  the  capacitor 
under  test  throughout  the  test, 
there  will  be  little  trouble  from 
damage  or  failure  of  properly  de¬ 
signed  and  constructed  capacitors. 


PIG.  1 — Ractifiar  and  controli  of  toit  prod  equipment  are  etraightiorward 
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High-Fidelity 


By  EMERICK  TOTH 

Radio  Teohniquet  Section 
V.  8.  Naval  Reaearoh  Laboratory 
"Radio  DtviaioH  JI 
Washington,  D,  C. 


FIG.  1 — Typical  spoctra  ol  ropresentathr*  musical  sounds 


The  waveshapes  of  sounds 
produced  by  single  musical 
instruments  are  usually  very  com¬ 
plex,  and  the  simultaneous  sound¬ 
ing  of  large  and  diverse  groups  of 
such  instruments,  as  in  a  symphony 
orchestra,  produces  wavetrains  of 
tremendous  intricacy  and  rapidly 
changing  pattern.  Typical  spectra 
for  single  tones  of  three  common 
musical  instruments,  the  violin, 
the  human  baritone  voice,  and  the 
clarinet,  are  shown  in  Fig.  1.^  Even 
if  only  these  three  are  sounded  to¬ 
gether,  quite  a  problem  in  repro¬ 
duction  results.  Furthermore,  all 
musical  instruments  produce  com¬ 
plex  transients  during  attack,  the 
initial  surge  with  which  the  pro¬ 
duction  of  a  musical  sound  often 
begins. 

In  quantitative  evaluation  of  the 
sound-reproducing  ability  of  re¬ 
ceiving  equipment,  the  receiver  en¬ 
gineer  may  inject  sine  waves  or 
square  waves  into  the  equipment 
one  frequency  at  a  time.  He  may 
even  try  to  make  measurements 
with  two  frequencies  injected  si¬ 
multaneously,  but  all  these  tests  will 
usually  fall  far  short  of  indicating 
performance  under  actual  condi¬ 
tions  of  use.  Ultimately,  he  must 
rely  heavily  on  listening  tests. 

List*aiag  Test  Ceesideratioas 

The  receiver  engineer  must  know 
what  he  should  expect  to  hear  dur¬ 
ing  a  listening  test.  Program  mate¬ 
rial  (broadcasts  or  recordings) 
used  for  such  tests  should  be  faith¬ 
ful  to  the  original  sounds,  but  ver¬ 
ification  of  this  point  is  often  diffi¬ 
cult.  Whenever  possible,  programs 
of  high  quality  originating  in  local 


broadcast  studios  of  major  stations 
should  be  used,  rather  than  net¬ 
work  programs  which  suffer  vari¬ 
ous  distortions  during  long-lines 
distribution. 

The  various  forms  of  audio  dis¬ 
tortion  are  to  a  considerable  extent 
interdependent,  but  in  general  for 
listening  test  purposes,  it  can  be 
said  that  definition,  that  character¬ 
istic  of  reproduction  which  permits 
hearing  four  separately  perceptible 
and  distinct  voices  in  a  quartet  even 
•when  they  sound  the  same  note  to¬ 
gether,  is  dependent  on  adequate 
high-frequency  range.  Depth  or 
fullness  of  tone  depends  on  ade¬ 
quate  low-frequency  reproduction. 
Smoothness  depends  on  the  free¬ 
dom  of  the  frequency  characteristic 
overall  from  serious  peaks  and  val¬ 
leys  of  response  and ,  on  low-  har¬ 
monic  distortion.  Absence  of  fuzzi¬ 
ness  depends  on  negligible  inter- 
modulstion  effects,  and  freedom 
from  blurring  (hangover  on  tones) 
is  the  result  of  good  transient  re¬ 
production.* 

With  good  reproduction,  the  lis¬ 
tener  should  be  conscious  of  a  well- 
defined,  full  and  smooth  sound 
picture  which  recreates  the  essen¬ 
tial  character  of  the  original  sound 
pattern,  even  as  a  good  color 
photograph  creates  the  effect  of 
fidelity  to  the  original  scene  with¬ 
out  necessarily  giving  a  complete 
illusion  of  reality.  •  And  just  as 
such  a  photograph  need  not  provide 
the  full  range  of  light  intensities 
encountered  in  the  original,  nor 
necessarily  provide  third-dimen¬ 
sional  effects,  so  the  sound-picture 
does  nor;  normally  need  the  full 
amplitude  range  of  the  original 


Six  Types  of  Distertiea 

In  the  course  of  designing  a  fine 
radio  receiver,  the  engineer  will 
inevitably  have  to  contend  with 
many  forms  of  distortion.  These 
can  he  more  or  less  segregated  as 
modulation  distortion,  frequency 
distortion,  harmonic  distortion, 
intermodulation  (or  cross-modula¬ 
tion),  phase  distortion,  and  tran¬ 
sient  distortion.* 

Medsiatloa  Distertioii 

Modulation  distortion  is  a  form 
of  harmonic  distortion  which  in 
receivers  occurs  prior  to  the  audio 
amplifier.  It  can  be  due  either  to 
the  i-f  (or  r-f)  amplifier  preceding 
the  final  detector  in  an  a-m  re¬ 
ceiver  or  that  detector  itself,  or 
both.  A  common  offender  in  the 
a-m  receiver  is  the  i-f  amplifier 
stage  driving  the  final  detector ;  the 
plate  current  swing  that  the  last 
i-f  tube  is  required  to  provide  is 
often  such  that  it  limits  on  modula¬ 
tion  peaks. 

Modulation  distortion  can  fre¬ 
quently  be  detected  in  measure¬ 
ments  by  running  an  avc-on  reson¬ 
ant  overload  characteristic  (audio¬ 
output  voltage  vs  signal-input  volt¬ 
age  to  the  receiver)  with  constant 
70-percent  l,000-cp8  modulation  of 
the  carrier  and  with  the  a-f  output 
control  retarded  so  that  audio  over¬ 
load  does  not  occur  at  any  level  of 
receiver  input  up  to  one  or  more 
volts  of  carrier. 

Distortion  can  sometimes  be  de¬ 
tected  even  with  only  30-percent 
modulation  in  such  a  curve.  It  will 
usually  manifest  itself  as  an  irreg¬ 
ularity  in  the  resonant  overload 
characteristic,  generally  in  the 
form  of  an  unwarranted  rise.  Fig¬ 
ure  2  shows  such  a  resonant  over- 
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sounds  and  the  presence  of  binaural 
effects  to  provide  a  high  degree  of 
Y  sychological  satisfaction. 
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Reproduction  of  Music 

Practical  suggestions  for  minimizing  modulation  distortion,  frequency  distortion,  har¬ 
monic  distortion,  intermodulation,  phase  distortion,  and  transient  distortion  in  a-m  and 
f-m  receivers  and  in  phonograph  record  reproduction.  Listening  tests  are  final  criterion 


load  curve  for  20-db  reduction  of 
a-f  gain,  along  with  the  correspond¬ 
ing  overall  harmonic  distortion 
curve  and  a  curve  of  overload  at 
full  a-f  gain  for  comparison. 

The  remedy  for  modulation  dis¬ 
tortion  usually  is  to  remove  all  or 
most  of  the  avc  control  from  the 
final  i-f  amplifier  tube  and  to  ad¬ 
just  the  avc  delay  voltage  down¬ 
ward,  at  the  same  time  making  cer¬ 
tain  that  the  a-f  gain  following  the 
detector  is  of  such  a  value  as  to  al¬ 
low  audio  output  overload  with  10 
to  20  percent  modulation  of  a 
strong  carrier  (about  1,000  micro¬ 
volts)  at  the  maximum  gain  posi¬ 
tion  of  the  a-f  gain  control.  All 
this,  of  course,  presupposes  that 
the  final  i-f  amplifier  is  inherently 
capable  of  driving  the  detector 
without  appreciable  distortion.  It 
is  occasionally  necessary  to  pro¬ 
vide  only  half  avc  control  on  the 
next-to-last  i-f  stage  in  vhf  and  uhf 
receivers,  with  no  avc  on  the  final 
i-f  tube. 

ModHiafioa  Diitortloa  In  A*M  Detectors 

The  final  detector  in  an  a-m 
receiver  is  a  nonlinear  device  in 
terms  of  amplitude  response,  but  is 
intended  to  respond  linearly  to  the 
modulation  envelope  of  the  desired 


carrier.  Remarkably  enough,  it 
manages  to  do  this  quite  well,  and 
modulation  distortion  due  to  the  de¬ 
tector  in  such  a  receiver  generally 
appears  mainly  at  the  higher  levels 
o  fmodulation,  usually  above  50  per¬ 
cent. 

Low  modulation-depth  distortion 
may  be  encountered  with  low  car¬ 
rier-level  operation  of  the  detector, 
but  with  avc  operation  the  carrier 
levels  at  the  detector  are  generally 
such  as  to  insure  low  values  of 
modulation  distortion  per  se. 

A  primary  cause  of  amplitude 
distortion  at  levels  above  about  60- 
percent  modulation  is  a  detector 
load  circuit  with  a  value  of  a-f 
load  impedance  considerably  less 
than  the  d-c  load  resistance.  The 
modulation  depth  at  which  this  dif¬ 
ference  in  loading  will  be  effective 
in  causing  distortion  is,  with  effi- 
cent  detection,  approximately  the 
ratio  of  total  a-f  load  impedance 
to  the  d-c  load  resistance.  This  dis¬ 
tortion  can  be  minimized  by  majc- 
ing  the  volume  control,  grid  resis¬ 
tor,  and  other  components  gener¬ 
ally  connected  across  the  detector 
load  resistor  have  a  composite  im¬ 
pedance  ten  or  twenty  times  as 
great  as  the  detector  load  resist¬ 
ance.  Alternatively,  the  detector 


d-c  load  value  may  be  reduced. 

The  r-f  bypass  capacitance  across 
the  detector  load  should  also 
be  kept  as  low  in  value  as  possible 
consistent  with  detector  efficiency 
and  preceding  i-f  (or  r-f)  ampli¬ 
fier  stability.  This  will  have  the 
effect  of  reducing  frequency  dis¬ 
tortion  and  maximizing  recovery 
of  the  detector  from  surge  input. 

It  is  desirable  to  keep  modulation 
distortion  under  1  percent  up  to  70 
percent  modulation  or  higher  if 
high-quality  reproduction  is  de¬ 
sired.  Higher  distortion  is  tolerable 
between  70  and  100  percent  modula¬ 
tion,  however,  since  this  range 
represents  only  about  3  db 
amplitude  variation  and  on  a  sta¬ 
tistical  basis  is  utilized  only  on 
occasional  very  high  peaks  in 
properly  monitored  programs. 

Modulatioa  Distortiea  la  P-M  Detectors 

Modulation  distortion  in  an  f-m 
detector  is  much  more  likely  to 
occur  for  reasons  outside  the  con¬ 
trol  of  the  designer  than  in  an  a-m 
system.  The  f-m  detector  is 
usually  a  two-step  device;  it  first 
converts  the  carrier  frequency 
variations  into  amplitude  varia¬ 
tions,  then  separates  the  resultant 
amplitude  modulation  from  the 
carrier.  Since  the  first  conversion 
is  practically  always  dependent  on 
the  alignment  and  tuning  of  some 
combination  of  tuned  circuits,  ini¬ 
tial  misalignment  of  the  discrimin¬ 
ator  on  the  manufacturer’s  assem¬ 
bly  line  and  mistuning  of  the 
receiver  by  the  user  can  cause 
modulation  distortion  far  beyond 
the  designer’s  original  figures. 
Temperature,  humidity,  line  volt¬ 
age  variations,  and  aging  effects 
can  also  ruin  a  beautiful  dis¬ 
criminator  characteristic  through 
the  medium  of  tuned-circuit  fre¬ 
quency  drifts. 

Granting  that  alignment  and 


PIG.  2 — Typical  resonant  OTerload  and  harmonic  distortion  characteristics  of  a-m 
receiTer  haring  undesirable  i-f  limiting.  Carrier  is  modulated  30  percent  at  1,000  cps 
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tuning  are  both  excellent,  so  that 
the  detector  output-amplitude  vs 
carrier-frequency  deviation  charac¬ 
teristic  is  symmetrical  and  the 
desired  signal  is  accurately  cen¬ 
tered  thereon,  modulation  distor¬ 
tion  will  then  depend  on  the 
linearity  of  that  characteristic  and 
the  portion  about  the  center  of 
the  characteristic  over  which  the 
desired  signal  sweeps  in  frequency. 
If  that  sweep  should  exceed  the 
limits  of  the  frequency  deviation 
'for  which  the  discriminator  is  de¬ 
signed  and  reach  into  the  two  re¬ 
gions  where  the  characteristic  is 
reentrant  or  returns  toward  zero 
output,  rather  peculiar  mid  serious 
harmonic  distortion  will  result.  The 
linearity  of  the  amplitude-sensitive 
portion  of  the  f-m  detector  will 
also  be  a  factor  to  consider,  par¬ 
ticularly  on  small  frequency  devia¬ 
tions. 


Figure  3  illustrates  the  simplest 
and  most  satisfactory  meana  for 
accomplishing  these  boosts ;  re¬ 
sistive  and  capacitive  elements  are 
used,  largely  avoiding  the  damped 
oscillations  encountered  with  in¬ 
ductive  elements  which  generally 
have  appreciable  Q  and  which  tend 
to  resonate  with  the  unavoidable 
circuit  capacitances. 

The  equations  for  the  circuits 
shown  are  somewhat  complex,  but 
excellent  universal  curves  are 
available  to  facilitate  solution.* 
Care  should  be  taken  to  allow  for 
the  reduction  in  stage  amplifica¬ 
tion  associated  with  use  of  these 
networks,  and  to  ascertain  that 
permissible  plate-current  swings 
are  not  exceeded  interstage  before 
overload  of  the  output  stage  occurs. 

The  design  engineer  would  do 
well  to  consider  the  input  capac¬ 
itance  and  resistance  of  each  tube 
in  a  new  audio  amplifier  design 
at  several  frequencies,  starting  at 
the  output  stage  and  working 
toward  the  final  detector,  with  the 
aid  of  the  well-known  equations. 


AMPLIFIEN 

TUBE 


amplifier 

TUBE  Vg  / 


'ALTERNATE  LOCATION  OF 
COMPENSATING  ELEMENTS 


(A)  BASS  BOOST 


(B)  TREBLE  BOOST 


FIG.  3 — SimpI*  compensation  networks  for 
bass  and  treble  boost 


harmonic  content  and  results  in  the 
tyi)e  of  thin  and  reedy  reproduc¬ 
tion  generally  obtained  with  small 
receivers  on  bass  tones. 

When  cutoff  occurs  in  the  higher- 
frequency  region  (above  3,000  or 
4,000  cps),  with  a  continuous 
smooth  decrease  in  response  above 
the  cutoff  frequency,  purification  of 
musical  tones  by  reduction  of  the 
harmonic  content  thereof  results, 
a  point  of  importance  when  spuri¬ 
ous  harmonics  have  been  generated 
by  nonlinear  amplitude  response,  in¬ 
termodulation,  and  other  causes. 
This  is  probably  the  main  reason 
why,  usually  in  the  presence  of  dis¬ 
tortion,  the  human  ear  instinctively 
welcomes  the  so-called  mellow  repro¬ 
duction  resulting  when  the  fre¬ 
quency  range  is  decreased  by  grad¬ 
ual  attenuation  of  the  higher  fre¬ 
quencies. 

FreqaeRcy-Compensatien  Circuits 

By  judiciously  offsetting  the  at¬ 
tenuation  below  100  cps  and  above 
4,000  cps,  resulting  from  selective 
attenuation  in  pickup  and  trans¬ 
mission  and  sideband  cutting  due 
to  insufficient  bandwidth  in  the 
selective  circuits  preceding  the 
final  detector,  the  receiver  designer 
can  often  modify  the  frequency 
characteristic  of  his  audio  systems 
to  advantage.  Such  correction  re¬ 
quires  intelligent  boosting  of  the 
low  and  high  ends  of  the  audio  fre¬ 
quency-response  characteristic,  but 
at  the  high  end  this  can  be  done 
safely  only  in  the  absence  of  appre¬ 
ciable  other  distortions. 


FrcquRRcy  DUtertioR 

Frequency  distortion  occurs  when 
a  constant  sine-wave  input  voltage 
does  not  produce  a  constant  output 
voltage  over  the  frequency  range 
of  importance  for  the  purpose  in¬ 
tended.  That  range  for  essentially 
complete  delineation  of  musical 
sound,  including  bow-scrape  of 
string  instruments  and  the  click 
of  valves  on  the  wind  instruments, 
extends  from  20  or  30  cps  to  about 
16,000  or  16,000  cps.  The  upper 
limit  may  be  reduced  to  about  8,000 
or  10,000  cps  to  largely  eliminate 
these  unpleasant  noises  without 
losing  much  of  the  desirable 
emission  of  musical  instruments, 
although  there  is  room  for  argu¬ 
ment  on  this  point. 

Any  deviation  from  constant 
amplitude  in  the  useful  range  of 
the.  amplitude-vs-frequency  charac¬ 
teristic  will  be  evident  as  distortion 
of  greater  or  lesser  degree.  When 
the  deviation  takes  the  form  of 
smooth  cutoff,  without  irregulari¬ 
ties,  it  will  have  the  effect  of 
changing  the  harmonic  distribu¬ 
tion  of  musical  instrument  repro¬ 
duction  without  introducing  any 
new  harmonics  not  present  in  the 
original.  This  apparent  distortion 
is  due  mainly  to  reduction  in 
amplitude  of  fundamental  tones 
without  equivalent  reduction  in 


where  C,  =  input  capacitance,  iJ, 
=  input  resistance,  C,»  =  grid-to- 
cathode  capacitance,  C„  =  grid-to- 
plate  capacitance,  A  =  voltage 
amplification  from  input  to  output, 
9  =  phase  angle  of  output  load,  and 
o)  =  2ir  X  frequency.  72,  will  gen¬ 
erally  be  of  importance  only  at 
the  low  and  high  ends  of  the  audio 
frequency  range,  or  at  the  fre¬ 
quencies  where  the  fidelity  curve 
departs  from  linearity  by  a  sub¬ 
stantial  amount.  This  information 
is  often  of  great  assistance  in  the 
choice  of  amplifier  tube  types 
and  in  initial  computation  of  com¬ 
pensation-circuit  values. 

Any  frequency  compensation  in¬ 
corporated  in  a  design  will  be  a 
compromise  since  some  of  the  fac¬ 
tors  making  it  desirable  are  vari¬ 
able  and  out  of  the  receiver 
engineer’s  control.  The  final  char¬ 
acteristic  evolved  should  be  care¬ 
fully  checked  by  listening  tests  and 
should  be  incorporated  in  the  de¬ 
sign  in  fixed  form  so  that  the 
tendency  on  the  user’s  part  to  mix 
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his  own  is  avoided  as  much  as  pos¬ 
sible. 

Harmonic  Distorfion 

When  a  transmission  network, 
such  as  an  audio  amplifier,  does 
not  produce  the  same  proportion¬ 
ate  increment  of  output  for  a  given 
increment  of  input  at  all  input 
levels,  amplitude  or  harmonic  dis¬ 
tortion  results.  This  generally 
manifests  itself  by  the  appearance 
of  harmonics  not  present  in  the 
original  signal.  It  is  no  longer 
a  matter  of  merely  change  in  rela¬ 
tive  amplitude  of  the  harmonics, 
as  is  the  case  with  frequency  dis¬ 
tortion.  Rather,  new  and  disturb¬ 
ing  harmonics  also  appear  which 
cause  the  tonal  quality  of  the  music 
to  change  as  its  instantaneous 
amplitude  varies.  This  can  be 
quite  an  intolerable  form  of  dis¬ 
tortion,  usually  most  evident  at 
high  audio  output  levels. 

The  major  cause  of  this  form 
of  distortion  (other  than  modula¬ 
tion  distortion)  is  almost  invari¬ 
ably  nonlinearity  of  that  portion 
of  the  amplifier  tube  plate  current- 
grid  voltage  characteristic  actually 
utilized  in  each  individual  ampli¬ 
fier  stage.  The  only  safe  course 
for  the  designer  to  follow  is  to  use 
tube  t3ri>es,  plate  loads,  and  operat¬ 
ing  potentials  which  insure  plate 
current  excursions  well  within  the 
linear  portion  of  each  individual 
tube’s  plate  current-grid  voltage 
characteristic.  Harmonic  distor¬ 
tion  is  usually  cumulative,  although 
cancellation  effects  are  occasionally 
obtained  in  several  stages. 

It  is  usually  best  to  use  triodes 
for  the  output  stage  and  the  one 
preceding  it.  For  a  given  amount 
of  distortion,  the  distribution  of 
harmonics  will  be  such  that  the 
reproduction  is  less  harsh  to  the 
ear  with  triode  output  tubes  than 
with  tetrodes  or  pentodes.  Rela¬ 
tively  heavy  inverse  feedback  may 
be  employed  with  tetrodes  or  pen¬ 
todes  to  produce  performance  equiv¬ 
alent  to  triode  output  stages,  but 
with  certain  disadvantages.  No 
shunt  capacitors,  for  instance, 
seem  to  be  needed  at  the  plates  of 
triode  output  tubes  for  stability 
with  light  feedback,  whereas  heavy 
feedback  with  a  pentode  output 


FIG.  4 — Amplifier  with  RC  network  proTid- 
ing  pushpull  output  from  single  input 


stage  may  necessitate  shunt  plate 
capacitors  and  other  corrective 
measures  to  overcome  low  and  high 
frequency  instabilities  caused  by 
feedback  phase-angle  shifts. 

Push-pull  operation,  with  its  at-' 
tendant  cancellation  effects  on 
even-numbered  harmonics,  is  ad¬ 
vantageous  for  the  output  stage 
and  may  then  be  a  necessity  for 
the  preceding  stage.  Figure  4 
shows  one  of  the  simplest  and 
cheapest  ways  of  providing  push- 
pull  operation  using  R-C  load  ele¬ 
ments  only. 

The  a-f  load  presented  to  the 
plate  circuits  of  the  audio  ampli¬ 
fiers  preceding  the  output  stage 
should  not  be  much  lower  than 
the  d-c  plate  load,  otherwise  dis¬ 
tortion  similar  to  (although  not  ae 
serious  as)  that  encountered  with 
low  a-c  to  d-c  load  ratios  in  the 
detector  will  occur. 

Lower-pitched  or  bass  instru¬ 
ments  usually  have  the  greater 
amplitude  swings  and  generally  are 
richer  in  harmonics.  These  con¬ 
sequently  are  the  most  likely  to 
be  subjected  to  the  addition,  both  in 
number  and  magnitude,  of  spurious 
harmonics  by  harmonic  distortion 
in  reproduction.  In  addition,  the 
bass  tones  may  cause  harmonic 
distortion  of  the  smaller-amplitude 
treble  tones  whose  wave-trains 
“ride”  up  and  down  the  lower-fre¬ 
quency  peaks. 

Intermodnlation 

The  condition  of  nonlinearity 
with  regard  to  amplitude  response 
which  generally  produces  harmonic 


distortion  will  also  tend  to  cause 
intermodulation.  This  effect  results 
from  modulation  of  a  wave  of  one 
frequency  by  one  of  another  fre¬ 
quency.  It  is  usually  present  with 
harmonic  distortion,  even  though 
the  two  are  separate  effects.  When 
the  resultant  modulation  products 
are  inharmonic,  the  distortion  will 
not  only  change  the  tonal  quality 
but  also  make  it  unpleasant.  While 
harmonic  distortion  is  harmonious 
up  to  perhaps  the  fifth  harmonic, 
the  intermodulation  products  are 
generally  inharmonic  or  discord¬ 
ant,  with  higher-order  products  par¬ 
ticularly  annoying.  Even  in  an 
otherwise  excellent  reproducing 
system,  the  intermodulation  prod¬ 
ucts  may  appear  as  a  sort  of 
shimmering  acoustic  fuzz  of  very 
high  spurious  audio  frequencies, 
which  changes  with  the  instan¬ 
taneous  loudness  of  the  music. 

The  same  precautions  which  re¬ 
duce  harmonic  distortion  will  also 
help  eliminate  intermodulation. 
Each  stage  in  the  audio  system 
must  be  carefully  checked  by  the 
designer  as  regards  linearity,  even 
to  the  extent  of  considering  some 
inverse  voltage  feedback  in  indi¬ 
vidual  stages  where  the  likely 
plate-current  swings  warrant  or 
allow.  Intermodulation  effects 
usually  are  more  serious  with 
tetrodes  or  pentodes  than  with 
triodes. 

Phase  Disteriien 

Phase  distortion  is  generally 
said  to  occur  when  the  relative 
time  relationships  between  the 
fundamental  and  the  various  har¬ 
monics  of  a  sound  are  modified  in 
reproduction.  If  the  fundamental 
is  reproduced  and  the  inception 
of  the  second,  third,  and  other , 
harmonics  is  progressively  ad¬ 
vanced  or  retarded,  a  peculiar  dis¬ 
tortion  which  can  be  very  dis¬ 
turbing  to  the  listener  occurs. 
Fortunately,  the  human  ear  is  tol¬ 
erant  of  phase  shifts  of  this  type, 
even  though  the  condition  of  two 
ears  feeding  information  into  one 
brain  seems  to  allow  the  instantane¬ 
ous  comparison  of  minute  phase  dif¬ 
ferences  which  produces  the  effect 
of  binaural  hearing.  An  occasional 
individual  can  detect  small  phase 
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FIG.  6 — Eiiact  of  largo  degreo  of  inTone 
Toltago  foodback  on  audio  output  Toltogo 
and  powor,  for  feedback  arrangement  of 
Fig.  SB.  Audio  gain  is  adixuted  to  provide 
6  miliiwatts  output  into  600  ohms 


Measurements  of  modulation 
distortion  and  harmonic  distortion 
at  various  audio  frequencies  and 
over  a  range  of  1  to  about  2,000,000 
microvolts  carrier  input  should 
be  considered  as  routine  as  the 
more  usual  amplitude-vs-frequency 
measurements  for  both  a-m  and 
f-m  receiver  equipment. 

The  design  of  receivers  capable 
of  giving  very  satisfactory  repro¬ 
duction  of  music  is  not  unusually 
difficult  nor  expensive,  but  does  re¬ 
quire  good  acoustic  or  musical 
judgment  on  the  part  of  the  de¬ 
signer  because  of  the  great  difficulty 
of  evaluating  overall  performance 
with  presently  available  equipment 
and  methods. 

The  writer  hopes  that  in  the 
near  future  many  more  receivers 
will  become  available  to  the  pub¬ 
lic,  at  reasonable  prices,  which 
recreate  the  snap,  sparkle,  and 
rich  beauty  of  music.  The  pres¬ 
ently  available  reproduction  is  in 
too  many  cases  entirely  inadequate, 
and  often  unnecessarily  so.  There 
is  little  hope  of  getting  consist¬ 
ently  good  transmission  and  re¬ 
cording  of  music  from  the 
broadcasters  and  record-makers 
until  the  receiver  designers  and 
manufacturers  make  it  possible  to 
reproduce  the  quality  even  now 
available  in  the  better  programs 
and  recordings. 


PhoRograph  Roeerd  RapredHcfioB 

When  the  amplifier  and  loud¬ 
speaker  system  are  matched  by  a 
properly  compensated  phonograph 
pickup  which  has  a  wide  frequency 
response  free  of  peaks  in  the  use¬ 
ful  frequency  range,  two  effects 
should  be  noted.  The  first  will  be 
good  reproduction  with  good  re¬ 
cordings.  The  second,  perhaps  un¬ 
expected,  will  be  the  substantial 
disappearance  of  the  needle-scratch 
problem,  except  with  very  old  or 
poor  records.  Needle  scratch  ap¬ 
pears  to  be  an  impact-excitation 
phenomenon,  in  which  record  sur¬ 
face  irregularities  set  up  oscilla¬ 
tions  in  the  overall  reproducing 
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transient  distortion  to  a  consider¬ 
able  extent  by: 

(a)  Use  of  an  output  stage  with 
a  low  plate  impedance  approx¬ 
imately  matching  the  load  resist¬ 
ance  of  the  loudspeaker  through 
a  good  transformer.  This  generally 
dictates  triode  rather  than  tetrode 
or  pentode  output  tubes. 

(b)  Incorporation  of  consider¬ 
able  negative  voltage  feedback,  as 
nearly  as  possible  from  output  to 
input  of  the  entire  audio  ampli¬ 
fier  system  (in  addition  to  use  of 
triode  output  tubes). 

(c)  The  use  of  two  or  more 
similar  loudspeakers  of  slightly 
different  acoustic  characteristics, 
such  as  are  obtained  by  small  dif¬ 
ferences  in  the  resonant  frequency 
of  their  diaphragms.  This  differ¬ 
ence  will  displace  the  peaks  of  the 
loudspeakers  relative  to  each  other, 
so  that  the  tendency  will  be  for 
the  peaks  of  one  to  fill  in  the  val¬ 
leys  of  the  other.  Also,  the  smaller 
diaphragms  then  possible  (for  a 
given  acoustic  power  output)  will 
behave  more  nearly  like  simple 
pistons. 

The  first  two  methods  will  pro¬ 


shifts  in  musical  chords  that  are 
not  apparent  to  the  average  lis¬ 
tener.  Phase  distortion  will  often 
be  masked  by  other  distortions  to 
the  extent  that  it  is  no  longer 
apparent. 

Phase  distortion  in  receiving 
equipment  usually  occurs  mainly 
after  demodulation  in  the  final 
detector,  and  is  generally  asso¬ 
ciated  with  frequency  distortion 
caused  by  inadequate  coupling  and 
filter  capacitances  in  the  audio 
system  and  by  shunting  capac¬ 
itances  interstage.  Boosting  of  the 
low  and  high-frequency,  ends  of 
the  amplitude-vs-frequency  charac¬ 
teristic  of  the  audio  system  will 
help  to  correct  for  cumulative  phase 
shifts  occurring  '  therein ;  over¬ 
compensation  will  additionally  tend 
to  correct  for  phase  displacements 
external  to  the  receiver. 


duce  damping  effects  on  the  loud¬ 
speaker  voice-coil  system  and  will 
tend  to  level  off  the  peaks  and 
valleys  by  maintaining  constant 
voltage  output  across  the  voice 
coil  despite  variations  of  voice  coil 
impedance  with  frequency.  Any 
bass  and  treble  boosts  become  less 
evident  as  the  amount  of  inverse 
feedback  is  increased  but  still 
serve,  if  properly  proportioned,  to 
correct  interstage  phase  shifts 
which  would  otherwise  displace  the 
feedback  voltage  angle  near  the 
frequency  limits  of  amplifier  re¬ 
sponse.  Any  boost  incorporated 
prior  to  the  point  of  application 
of  feedback  voltage  to  the  input 
of  the  amplifier  will  usually  re¬ 
main  effective. 

The  need  for  adequate  baffling 
with  cone-type  loudspeakers  has 
been  stressed  a  good  deal  in  the 
past.  Perhaps  the  best  system  de¬ 
vised  to  date  is  the  totally  enclosed 
infinite-type  baffle  wherein  no 
opening  is  provided  for  radiation 
from  the  rear  of  the  loudspeaker 
diaphragm.  It  is  essential  that 
an  adequate  volume  be  provided  in 
the  enclosure,  with  wall  reflections 
minimized  to  a  reasonable  degree 
by  suitable  damping  materials. 

Adequate  baffling,  by  providing 
better  acoustic  loading  of  the  loud¬ 
speaker,  will  aid  in  the  reduction 
of  transient  distortion,  as  well  as 
in  improving  frequency-response 
characteristics.  Proper  acoustic 
loading  of  the  diaphragm  increases 
loudspeaker  efficiency  and  reduces 
the  tendency  for  movement  of  the 
voice  coil  out  of  the  uniform  flux 
region  of  its  associated  magnetic 
circuit,  a  condition  often  encoun¬ 
tered  with  even  moderate  output 
levels  when  the  acoustic  loading  (or 
the  magnetic  circuit)  is  inadequate 
and  the  audio  amplifier  provides 
good  bass  response. 

invert*  Feedback 

The  most  potent  single  tool 
available  to  the  designer  of  high- 
fidelity  receiving  equipment  is  in¬ 
verse  or  degenerative  voltage  feed¬ 
back.  Through  its  use,  practically 
all  the  various  forms  of  distortion 
discussed  above  (except  modulation 
distortion)  may  be  reduced  to  a 
very  considerable  extent  with 
little  complication  of  design. 

Since  phase  relations  are  in- 


All  audio  amplifier  networks  in¬ 
corporate  both  reactive  and  re¬ 
sistive  elements  and  are  therefore 
capable  of  some  degree  of  oscilla¬ 
tion  due  to  the  storage  and 
discharge  of  electrical  energy.  This 
is  especially  evident  with  LC  cir¬ 
cuits,  but  can  also  occur  with  RC 
elements  exclusively,  as  evident  in 
relaxation  oscillators  and  in  motor¬ 
boating  effects.  A  steep  wavefront, 
such  as  that  generated  by  i)er- 
cussion  instruments,  may  set  up 
several  cycles  of  spurious  oscilla¬ 
tion  under  suitable  conditions  even 
in  a  resistance-coupled  amplifier 
system.  The  designer  must  be  on 
his  guard  against  such  a  possibil¬ 
ity,  especially  at  the  lower  audio 
frequencies,  where  common  coup¬ 
ling  may  exist  due  to  use  of  a 
single  power  supply  source  for 
“plate  voltage  or  insufficient  isola¬ 
tion  of  cascaded  stages  from  each 
other. 

Any  abrupt  rise  and  fall  of  the 
amplitude-vs-frequency  character¬ 
istic  amounting  to  more  than  1  db 
above  the  average  level  in  its  vicin¬ 
ity  should  be  viewed  with  suspi¬ 
cion.  This  includes  the  loud¬ 
speaker,  which  is  almost  always 
characterized  by  many  such  peaks 
and  valleys  indiscriminately  dis¬ 
tributed  over  its  useful  spectrum, 
with  amplitudes  often  5  to  10  db 
above  or  below  the  average  level. 

The  engineer  can  counteract 


(A)  FEEDFACR  FROM  OUTPUT  TO  INPUT 
OF  ONE  stage 


OUTPUT 


(B)  FEEDBACK  OVER  TWO  STAGES 


FEEDBACK  TESISTOR 


OUTPUT 


(C)  FEEDBACK  OVER  THREE  STAGES 
WITHOUT  DEGENERATION  AT  INPUT 


FIG.  5 — ^InTerse  feedback  circuits  employ¬ 
ing  only  resistance  in  the  feedback  path. 
Plate  circuit  isolation  filters  and  other 
conrentional  details  are  not  shown 
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When  the  trapezoid  is  stationary 
on  the  screen  the  two  signals  are 
matched.  Any  difference  between 
them  will  cause  the  pattern  to  re¬ 
volve  one  way  or  another.  Accord¬ 
ingly,  the  engineer  has  merely  to 
stop  this  pattern  to  obtain  exact 
zero  beat.  Actual  frequency  com¬ 
parisons  using  this  method  are 
practical  when  the  difference  be¬ 
tween  the  standard  and  signal  are 
as  low  as  5  cycles  using  a  5-inch  Du¬ 
mont  oscilloscope.  This  is  true  even 
on  comparatively  weak  signals.  As 
it  is  easy  to  count  accurately  well 
beyond  this  figure,  it  is  obvious  that 
the  so-called  blind  spot  (10  to  50 
cycles),  where  receiver  audio  sys¬ 
tems  and  human  hearing  are  unde¬ 
pendable,  is  Completely  eliminated 
together  with  all  the  auxiliary  appa¬ 
ratus  necessary  to  overcome  it  by 
other  means. 


FIG.  1 — Block  diagram  showing  tho  primary  standard  and  dirider  chain  that  permits 
arrangement  ior  maximum  flexibility  and  speed  • 

signal  level  will  result  in  blanket-*  much  the  same  manner  as  if  the 
ing  a  large  portion  of  the  modula-  equipment  were  coupled  directly  to 
tion  of  A3  signals,  thus  permitting  the  transmitter, 
a  sharply  defined  trapezoid  even 
under  heavy  modulation.  Any  type 
of  AO,  Al,  or  A3  signal  can  be 
measured  in  this  fashion. 

Further  advantage  results  from 

0..rm.d.loti<>.  Ch.ch 

The  usefulness  of  such  a  system  ured  can  be  continuously  monitored 
in  the  accurate  measurement  of  at  the  audio  output  of  the  receiver, 
broadcast  station  frequencies  or  and  that  overmodulation  present  yi 
any  station  with  close  tolerance  re-  an  A3  signal  is  immediately  appar- 
quirements  is  readily  apparent,  ent.  The  scope  pictures  the  radio- 
Proper  adjustment  of  the  standard  frequency  envelope  of  the  signal  in 


Local  Substitution  Oscillator 

When  the  signal  is  on  for  an  ex¬ 
tremely  short  interval  as  is  the  case 
with  aircraft  transmissions,  the 
above  procedure  cannot  be  em¬ 
ployed.  The  length  of  time  required 
to  turn  the  audio  oscillator  from 
one  end  of  the  dial  to  the  other  is 
greater  than  the  time  the  station 
remains  on  the  air.  In  such  cases 
a  heterodyne  frequency  meter  is 
used.  This  equipment  comprises  a 
stable  calibrated  oscillator  whose 
fundamental  or  a  harmonic  is  tuned 
to  the  frequency  being  measured.’ 
The  output  from  this  oscillator 
must  be  evenly  controlled  and  in¬ 
jected  into  the  receiver  in  the  same 
manner  as  the  standard.  Once  the 
signal  from  this  oscillator  is  at  zero 
beat  with  the  station  signal  the  os¬ 
cillator  frequency  is  measured  in 
exactly  the  same  manner  as  an  AO 
signal  at  the  received  signal  fre¬ 
quency.  The  calibration  of  the  os¬ 
cillator  is  therefore  unimportant 
except  to  indicate  the  order  of  har¬ 
monic  and  for  identification  of 
10-kc  points  in  the  very  high  fre¬ 
quency  range  as  explained  later. 
The  errors  in  setting  this  oscillator 
to  zero  together  with  that  intro¬ 
duced  by  possible  interim  drift  are 
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1 — Block  diagram  showing  the  primary  standard  and  dirider  chain  that  permits 
comparison  with  Norol  Observatory  time  rignals.  The  auxiliary  oscillator  is  used 
to  determine  sense  of  the  final  audio  interpolotion 
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Received  signals  up  to  500  me  are  quickly  referred  to  markers  emanating  from  a  stand¬ 
ard  that  is  accurate  to  better  than  one  part  in  ten  million.  Frequency  subdivision  to 
50  cycles  allows  comparison  between  the  standard  and  time  signals.  Sense  of  the  final 
interpolation  between  10-kc  markers  is  by  means  of  a  lower  frequency  standard 


By 

ALFRED  K.  ROBINSON 


Radio  Engineer,  Federal  Communieationa 
Comtniseion 

Santa  Ana  Primary  Monitoring  Station 
Santa  Ana,  Calif. 


ONE  DUTY  of  the  Federal  Com¬ 
munications  Commission  is 
measuring  frequencies  of  radio 
transmitters  at  central  monitoring 
stations.  It  is  important,  therefore, 
that  the  accuracy  of  the  reference 
standard  surpass  the  frequency  tol¬ 
erance  required  of  the  transmitting 
stations  and  that  the  means  of  com¬ 
paring  the  received  signal  with  the 
standard  be  simple,  quick,  and  ac¬ 
curate. 

Basically,  the  system  used  de¬ 
pends  upon  a  primary  standard  that 
will  maintain  an  accuracy  of  better 
than  one  part  in  ten  million  over 
long  periods  of  time,  and  is  capable 
of  being  compared  frequently  with 
time  signals  from  the  Naval  Observ¬ 
atory.  In  practice,  10-kilocycle 
markers  are  derived  from  the  prim¬ 
ary  standard  by  frequency  division 
and  the  incoming  signal  is  caused 
to  beat  with  the  nearest  marker. 
The  beat  note,  always  less  than 
5,000  cycles,  is  measured  by  an 
audio  interpolation  oscillator. 


Santa  Ana  Monitoring  Station,  showing  disposition  of  a  iew  oi  the  antennas 


ward  step  in  measurement  work 
The  system  devised  to  eliminate  this 
error  entails  energizing  the  vertical 
plates  of  an  oscilloscope  with  the  i-f 
signal  from  the  last  i-f  amplifier 
stage  of  the  receiver  and  sweeping 
horizontally  with  the  audio-fre¬ 
quency  voltage  from  the  audio 
interpolation  oscillator.  Proper  ad¬ 
justment  of  the  scope  amplifiers  (it 
is  only  necessary  to  preset  this  ad¬ 
justment  once  for  all  signals)  will 
result  in  a  trapezoid  pattern  when 
the  difference  between  the  incoming 
signal  and  the  closest  standard  10- 
kc  point  is  matched  by  the  audio 
frequency  of  the  interpolation  oscil¬ 
lator.  This  trapezoid  will  result 
only  when  the  two  frequencies  are 
identical,  thereby  eliminating  the 
error  possible  from  use  of  a  meter 
indicator  by  comparing  the  audio 
frequency  with  a  harmonic  or  sub¬ 
harmonic  of  the  fundamental  fre¬ 
quency. 


ment  has  a  maximum  error  of  plus 
or  minus  2  cycles  throughout  the 
range  and  the  error  remains  con¬ 
stant  regardless  of  the  frequency  of 
measurement.  However,  even  this 
slight  error  can  be  reduced  if  out¬ 
puts  from  the  standard  at  1,000 
cycles  and  50  cycles  are  made  avail¬ 
able  for  interpolation.  The  only 
remaining  source  of  error  is  the 
ability  of  the  engineer  to  match  the 
audio  tone  (resulting  from  the  near¬ 
est  standard  10-kc  point  beating 
with  the  signal)  to  the  audio  inter¬ 
polation  oscillator.  This  error  can 
be  serious  and  depends  largely  upon 
the  experience  of  the  engineer  in 
matching  tones  and  the  care  he 
takes.  Even  experienced  engineers 
have  frequently  matched  the  second 
harmonic  of  one  tone  with  the  fun¬ 
damental  of  another. 

Complete  elimination  of  the  hu¬ 
man  error  in  matching  these  tones 
therefore  represents  a  definite  for- 


Acearat*  Comparison 

Audio  comparison  can  be  made  at 
any  frequency  by  use  of  an  audio¬ 
frequency  oscillator,  similar  to  the 
General  Radio  type  617,  variable 
from  0  to  5,000  cycles.  This  instru- 
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much  greater  than  by  a  direct  com¬ 
parison  of  the  standard  with  the 
signal.  However,  in  the  event  of 
off-frequehcy  operation  the  fre¬ 
quency  may  be  checked  exactly  by 
setting  up  according  to  the  hetero¬ 
dyne  frequency  meter  measurement 
technique  and  remeasuring  on  the 
next  transmission  using  the  direct 
beat  method.  The  audio  interpola¬ 
tion  oscillator  dial  would  only  have 
to  be  shifted  slightly  to  obtain  the 
trapezoid.  This  same  method  can 
be  used  in  the  case  of  A2  or  carrier 
shift  signals.  Exact  measurements 
follow  the  preliminary  heterodyne 
frequency  measurement  technique 
whenever  greater  accuracy  is  de¬ 
sired. 

IdMtifyiag  Markers 

It  is  noteworthy  that  the  only 
computation  necessary  in  this 
method  of  measurement  is  that  of 
identifying  the  nearest  10-kc  point. 
The  pcfint  is  checked  by  counting 
the  number  of  10-kc  points  above  or 
below  the  nearest  100-kc  iraint, 
which  in  turn  is  readily  identified 
from  the  receiver  calibration  or 
from  the  nearest  1,000-kc  marker. 
This  method  can.  be  used  up  to  ap¬ 
proximately  60  me.  Above  this  fre¬ 
quency  it  is  best  to  use  the  hetero¬ 
dyne  frequency  meter  technique  by 
zero-beating  at  a  harmonic  of  the 
heterodyne  meter,  measuring  the 
fundamental  of  the  heterodyne  fre¬ 
quency,  and  then  multiplying  by 
the  harmonic  order.  The  actual  fre¬ 
quency  can  be  measured  with  the 
same  degree  of  accuracy  by  beating 
directly  against  the  standard  once 
the  10-kc  point  used  is  identified. 
To  simplify  computation  the  tenth 
harmonic  of  the  heterodjme  fre¬ 
quency  oscillator  is  normally  used. 

The  useful  output  from  the  con¬ 
ventional  multivibrator  is  limited 
to  approximately  16  me.  This  range 
was  formerly  extended  to  perhaps 
26  me  by  the  use  of  tuned  r-f 
amplifiers.  There  are  several  dis¬ 
advantages  to  such  tuning.  The 
principal  ones  are  the  time  element, 
the  variable  level  due  to  tuning,  and 
the  inconvenience  of  adjustment. 

Horoioale  Anplifiar 

To  provide  strong,  clean  standard 
10-kc  points  up  into  the  ultrahigh- 
frequency  range  without  tuning,  a 
harmonic  or  distortion  high-gain 


amplifier  was  designed.  The  prin¬ 
cipal  design  characteristics  are 
in  accordance  with  published^  high- 
frequency  resistance-coupled  ampli¬ 
fier  requirements  with  the  excep¬ 
tion  that  here  high  distortion  is 
desirable  as  a  harmonic  producer. 
The  unit  comprises  three  stages  of 
amplification  with  a  single  bias  con¬ 
trol  that  gives  smooth  100  percent 
control.  Output  levels  of  individual 
harmonics  of  the  standard  are 
largely  constant  irrespective  of  fre¬ 
quency. 

Bias  control  is  the  principal  one 
for  all  measurements.  Once  a  sig¬ 
nal  is  tuned  in,  the  standard  injec¬ 
tion  level  is  set  by  means  of  this 
control  to  the  same  as  that  of  the 
signal,  thereby  modulating  the  in¬ 
coming  signal  at  the  audio-fre¬ 
quency  difference.  This  difference  is 
then  matched  by  means  of  the 
audio  interpolation  oscillator  as 
explained  previously.  The  audio 
difference  as  ■  matched  is  plus  or 
minus  from  the  nearest  10-kc 
point. 

Determination  of  the  sense  is 
quickly  found  by  throwing  a  switch 
jnarked  standard-auxiliary  to  the 
auxiliary  position.  In  this  position 
the  standard  has  been  disconnected 
and  an  auxiliary  crystal  oscillator 
slightly  lower  in  frequency  is  con¬ 
nected.  All  multivibrator  outputs 
are  shifted  a  like  percentage.  There¬ 
fore  the  beat  between  the  nearer 
10-kc  marker  and  the  station  signal 
will  increase  or  decrease  in  fre¬ 
quency  depending  upon  whether  the 
station  is  high  or  low  in  frequency. 

When  the  audio  beat  is  as  high 
as  4,000  cycles,  this  slight  change  in 
tone  may  be  hard  to  detect  by  ear. 
Readjustment  of  the  audio  inter¬ 
polation  oscillator  to  obtain  the  sta¬ 
tionary  trapezoid  in  the  auxiliary 
position  will  give  the  same  sense  in¬ 
dication  by  an  increase  or  decrease 
in  dial  setting.  Determination  of 
the  10-kc  point  used  can  be  checked 
by  counting  to  the  nearest  100-kc 
marker. 

Zero  beating  the  heterodyne  fre¬ 
quency  meter  with  the  signal 
requires  that  strong  clean  harmon¬ 
ics  be  available.  Since  a  sine-wave 
output  is  available,  whereas  the 
standard  multivibrators  have  a 
distorted  wave  to  start  with,  a 
four-stage  untuned  harmonic  gen¬ 
erating  amplifier  was  found  neces¬ 


sary  to  extend  the  useful  range  of 
this  instrument  from  10  me  to  well 
above  600  me.  Bias  for  level  adjust¬ 
ment  is  controlled  in  exactly  the 
same  manner  as  on  the  standard. 

Practical  ’MoasaraoMat  Tachalgoac 

Many  refinements  have  been 
added  to  fit  the  particular  needs 
of  the  monitoring  station.  For 
example,  both  the  standard  and 
heterodyne  frequency  meter  out¬ 
puts  are  injected  into  the  receivers 
trt  the  cathode  of  the  first  r-f  tube. 
Several  gains  important  to  monitor¬ 
ing  station  operation  are  thus  real¬ 
ized.  Interunit  connections  are 
made  at  low  impedance  and  the 
cathode  connection  isolates  the 
standard  and  heterodyne  meter  out¬ 
puts  ffom  the  antenna  circuit.  Un¬ 
desirable  radiation  that  might 
interfere  with  reception  at  other 
monitoring  positions  is  eliminated. 
The  cathode  connection  also  allows 
the  antenna  or  grid  circuit  of  the 
receiver  to  be  shorted,  eliminating 
the  incoming  signal  while  still  per¬ 
mitting  the  heterodyne  frequency 
meter  and  standard  outputs  to  be 
mixed  in  the  receiver. 

Another  useful  refinement  allows 
switching  the  60-cycle  multivibra¬ 
tor  output  (that  drives  the  primary 
standard  clock)  to  the  vertical 
plates  of  the  scope,  and  switching 
the  output  from  the  60-cycle  multi¬ 
vibrator  (used  for  audio  interpola¬ 
tion)  to  the  horizontal  plates.  As 
each  of  these  units  is  controlled  in 
turn  by  successive  multivibrators 
a  quick  check  is  possible  of  the  cor¬ 
rect  operation  of  all  control  equip¬ 
ment.  The  figure  on  the  scope  is 
almost  a  perfect  square  which  re¬ 
mains  absolutely  fixed  providing  all 
apparatus  is  functioning  normally. 

The  inputs  and  outputs  of  all 
apparatus  are  brought  to  a  central 
switching  panel  in  front  of  the  engi¬ 
neer,  permitting  instantaneous  op¬ 
eration  of  various  receivers,  disc 
and  tape  recorders,  filters,  and 
other  special  equipment.  An  an¬ 
tenna  switching,  arrangement  in 
use  at  one  of  the  monitoring  sta¬ 
tions  permits  pushbutton  selection 
of  any  antenna  on  the  reservation.* 
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VANE -ACTUATED 
CONTROLLER 


Compl«t«  control  unit,  with  dooblo-triodo  oocillator  tub*  at  loft,  plostlc-imboddod  coils  botwoon  which  Tons 
■octor  moTos,  and  rolay  in  plastic  housing  at  right  LoTsr  goos  up  to  rocording  pon  or  to  othor  mochonical 

Bonsing  slsmont  that  is  to  initiats  control  action 


A  double-triode  r-f  oscillator  changes  its  plate  current  suddenly  as  a  vane  moves  between 
the  coils,  giving  snap  action  of  the  output  relay  for  industrial  control  applications  involv¬ 
ing  float,  feeler  gage,  or  other  sensing  elements  moving  as  little  as  0.002  inch 


By  W.  H.  WANNAMAKER,  ir. 

The  Bro%en  Intirument  Co. 
Philadelphia,  Pa. 


On-off,  two-position  and  three- 
position  controllers  are  often 
used  for  control  and  limit  t3rpe 
signalling  applications  because  of 
their  simplicity  and  low  cost.  An 
on-off  controller  will  result  in  con¬ 
trol  action  such  that  the  measured 
variable  will  exhibit  periodic  cycling 
about  a  set  point.  The  magnitude 
of  this  cycling  and  the  extent  of 
departure  of  its  average  value  from 
the  set  point  can  be  reduced  by  the 
use  of  more  responsive  measuring 
and  controlling  means.  The  effect 
of  any  remaining  cycling  may  be  of 
no  practical  significance  in  many 
processes,  but  where  it  cannot  be 
tolerated,  more  sophisticated  con¬ 
trollers  are  available  which  employ 
some  combination  of  control  forms 


having  proportional,  floating,  and 
rate  action.*’  *•  *  The  units  dealt 
with  herein  are  designed  for  use 
either  as  on-off,  two-position  or 
three-position  controllers. 

Vane-operated  electric  control 
systems  are  not  of  recent  origin, 
having  been  used  in  various  ways 
for  a  period  of  years.*-  *  *  More 
recently,  specialized  forms  employ¬ 
ing  the  oscillator  principle  have 
been  described*  *  *  and  a  number 
of  patents  have  been  granted 
on  different  commercial  adapta- 
tions.’*- "  " 

Theory  of  Circuit 

The  control  unit  described  in  this 
article  utilizes  a  double-triode  tube. 
One  section  of  the  tube  works  as  a 


constant  grid  potential  oscillator. 
Its  average  current  plus  that  of 
the  second  section,  which  is  con¬ 
nected  in  parallel,  is  used  to  control 
the  energization  of  an  electro¬ 
mechanical  relay.  The  nature  of 
this  oscillator  circuit  is  such  that 
the  average  current  output  of  the 
tube  is  a  discontinuous  function  of 
the  amount  of  mutual  coupling  ex¬ 
isting  between  the  control  coils,  and 
does  not  depend  upon  change  in 
tuning  of  any  circuit.  This  results 
in  snap  action  of  the  relay,  inde¬ 
pendent  of  the  speed  with  which 
the  vane  may  pass  through  the  con¬ 
trol  zone,  and  also  results  in  long¬ 
time  stability  of  the  controller. 
Any  tendency  of  the  relay  to  chat¬ 
ter  due  to  mechanical  vibration  of 
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PIG.  1 — EqulTolent  r-f  circtiit  of  controller, 
with  criteria  for  etutolned  oscillation 


directly  within  a  form  of  plastic 
material  having  low  water  absorp¬ 
tion  properties.  Ample  space 
through  which  the  control  vane  can 
move  is  provided  without  close  di¬ 
mensional  tolerances  being  imposed 
on  the  associated  mechanical  com¬ 
ponents. 

With  reference  to  the  mathe¬ 
matical  expression  in  Fig.  1,  the 
factor  Ri  is  seen  to  be  present  in 
the  expression  for  the  mutual  in¬ 
ductance  required  for  oscillation. 
Inasmuch  as  leakage  around  the 
coil  and  dielectric  losses  caused  by 
moisture  enter  into  this  factor,  it  is 
important  to  prevent  moisture  ab¬ 
sorption,  which  tends  to  cause  con¬ 
trol  point  shift  or  unsafe  failure. 

Capacitor  Ct,  utilized  as  a  ripple 
filter  across  the  relay  coil,  is  of  the 
electrolytic  type.  The  filtering 
problem  is  not  severe  because  of 
the  snap  action  inherent  in  the 
constant  grid  potential  oscillator. 

Mechanical  Arrangement 

In  order  to  facilitate  control 
point  alignment  with  the  actual 
control  zone  within  the  coils  dur¬ 
ing  assembly,  the  base  of  the  vane 
is  held  against  a  shoulder  on  its 
driving  shaft  by  means  of  a  fric¬ 
tion  clutch  so  that  its  relative  angu¬ 
lar  position  with  respect  to  its  ac¬ 
tuating  lever  may  be  shifted  man¬ 
ually.  This  also  permits  a  single 
standard  unit  to  be  used  for  either 
direct  or  reverse  control  action,  as 
might  be  required  for  refrigeration 
applications,  and  still  provides  the 
maximum  in  safeness  of  opeVation. 

A  mechanical  differential  linkage 
arrangement  is  used  in  the  instru¬ 
ment  so  that  the  vane  position  is 
a  function  both  of  the  control  index 
setting  and  the  instrument  pen 
position.  The  index  setting  can  be 


FIG.  2 — Complete  circuit  oi  Tone-actuated  FIG.  3 — Performance  characteristics;  0.002 
controller  operating  <^ectl7  from  a-c  line  inch  rane  moTement  giTes  snap  action 


manually  changed  by  means  of  a 
knurled  knob  above  the  instrument 
chart  plate,  accessible  when  the 
door  is  opened.  The  setting  can 
be  shifted  to  any  position  of  the 
scale.  No  mechanical  restraint 
upon  the  recorder  pen  movement 
is  imposed  by  the  control  unit  be; 
cause  the  vane  width  is  somewhat 
greater  than  the  angular  distance 
it  moves  for  full  scale  pen  travel. 
The  use  of  the  differential  mechan¬ 
ical  control  point  setting  means  per-  * 
mits  the  oscillator  coil  assembly  to 
be  fastened  permanently  in  place 
so  that  its  leads  require  no  flexing 
during  operation. 

Operation 

In  Fig.  3  the  current  for  effect¬ 
ing  relay  actuation  is  plotted 
against  the  position  of  the  con¬ 
trolling  vane  edge.  The  abrupt 
change  in  this  current  at  the  crifji- 
cal  vane  position  is  readily  appar¬ 
ent.  The  actual  vane  movement 
differential  to  effect  relay  opera¬ 
tion  is  represented  by  the  distance 
between  the  vertical  dotted  lines. 
These  curves  were  obtained  using 
an  average  tube  in  regard  to  mu¬ 
tual  conductance.  Tests  indicate 
that  the  same  type  of  curves  is 
obtained  on  all  similar  tubes,  even 
those  having  operated  many  thou¬ 
sands  of  hours.  However,  from 
tube  to  tube  the  control  point  was 
found  to  deviate  dz  0.012  inch  from 
an  average  value  —  equivalent  to 
one  percent  full  scale  movement  of 
the  control  index.  Accordingly,  a 
small  auxiliary  adjusting  knob  was 
included  in  the  index  setting  means 
to  permit  easy  realignment  of  the 
control  index  when  tubes  are  re¬ 
placed. 

The  control  point  is  constant  to 
within  better  than  l/6th  percent  of 


.full-scale  pen  movement  with  a  line 
voltage  variation  from  100  to  136 
volts.  The  sensitivity  of  the  unit 
remains  better  than  l/5th  percent 
of  full-scale  pen  movement  through¬ 
out  this  voltage  variation.  In  all 
cases,  the  same  type  of  discontinu¬ 
ous  or  snap  action  characteristic 
curves  is  obtained.  No  appreci¬ 
able  control  point  snifts  are  ex¬ 
perienced  for  changes  in  ambient 
relative  humidity  about  the  instru¬ 
ment. 

In  conclusion,  it  has  been  found 
possible  to  design  a  simple  elec¬ 
tronic  control  unit  which  is  adapt¬ 
able  to  various  types  of  control  for 
industrial  applications  and  which 
will  give  long,  dependable  service. 
Among  the  merits  of  this  controller 
are  the  snap  action  of  the  enclosed 
contacts,  precision,  safeness,  avoid¬ 
ance  of  any  electrical  adjustments, 
and  sufficient  speed  of  response 
without  being  subject  to  vibration. 
These  qualities  are  obtained  with¬ 
out  in  any  way  affecting  the  meas¬ 
uring  ability  of  the  instrument. 
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the  vane  within  the  coils  is  sup¬ 
pressed. 

Referring  to  the  equivalent  r-f 
circuit  in  Fig.  1,  a  difference  can  be 
seen  between  this  and  a  conven¬ 
tional  tuned-plate  or  Hartley  oscil¬ 
lator  for  the  reason  that  any  r-f 
current  flow  in  the  coupling  coil 
results  in  a  degenerative  voltage 
drop  which  has  a  stabilizing  action. 
It  can  be  shown  that  the  criteria 
for  sustained  oscillation,  where  the 
mutual  coupling  M  is  the  variable, 
'may  be  substantially  described  by 
the  equation  given  in  that  figure. 
The  negative  sign  denotes  that  the 
cathode  connection  must  be  of  the 
same  instantaneous  potential  sign 
by  induction  as  is  the  plate  coil 
connection. 

In  such  an  oscillator  the  grid-to- 
plate  and  grid-to-cathode  interelec¬ 
trode  capacitances,  which  are  fixed, 
only  affect  the  frequency  of  oscilla¬ 
tion,  while  the  starting  or  stopping 
of  oscillation  for  effecting  relay 
operation  is  entirely  controlled  by 
variation  in  the  positive  feedback 
voltage.  In  consequence,  the  re¬ 
sultant  action  is  extremely  sharp 
and,  in  fact,  is  discontinuous.  The 
differential  movement  of  the  vane 
to  secure  operation  of  the  relay  is 
of  the  order  of  0.002  inch  in  the 
design  under  discussion. 


lei  with  the  plate-to-grid  and  plate- 
to-ground  stray  capacitances,  forms 
the  capacitance  of  the  oscillator 
plate  tank  circuit,  the  effective 
value  of  which  is  of  the  order  of 
ten  micromicrofarads  for  30  me. 

Capacitor  C,  affords  an  r-f 
grounding  means  for  the  grid.  It 
also  permits  the  average  grid  poten¬ 
tial  to  become  highly  negative  dur¬ 
ing  the  oscillation  mode  when  the 
cathode  fluctuates  in  its  potential, 
causing  the  grid  circuit  to  draw 
current.  The  combination  of  Cx  and 
Rx  introduces  some  time  delay  for 
relay  closure  to  occur,  and  is  se¬ 
lected  as  required  to  prevent  relay 
chatter  under  cases  of  vibration 
often  encountered  in  industrial  ap¬ 
plications.  This  portion  of  the  cir¬ 
cuit  may  be  easily  altered  to  pro¬ 
duce  other  values  of  time  delay. 
For  reasons  of  safety  the  cathode 
bias  resistor  Rx  is  chosen  to  limit 


permissible  current  of  the  nonoscil- 
lating  triode  section  and  is  held 
to  somewhat  closer  tolerances  (5 
percent)  than  is  the  grid  resistor 
or  other  components  (20  percent). 
If  the  emission  of  the  oscillator  sec¬ 
tion  falls  below  a  fixed  minimum,  or 
its  continuity  is  broken,  sufficient 
current  cannot  flow  to  hold  the  re¬ 
lay  closed.  Moreover,  the  use  of 
safety  bias  resistor  Rt  and  opera¬ 
tion  of  the  oscillator  as  a  series-fed 
type  insure  that  the  relay  cannot 
be  energized  should  any  coil,  trans¬ 
former  winding,  or  coil  lead  be¬ 
come  open-circuited. 

Inductance  coils  L,  and  L.  are  con¬ 
ventional  pancake  coils,  with  the 
number  of  turns  chosen  to  provide 
satisfactory  oscillator  characteris¬ 
tics  and  allow  the  relatively  large 
dimensional  spacing  of  0.150  inch 
between  coils.  Such  a  space  factor 
permits  the  coils  to  be  impregnated 


Circait  Ceastants 


The  actual  circuit  diagram  is 
given  in  Fig.  2.  The  oscillator, 
which  operates  at  30  me,  is  com¬ 
posed  of  a  fixed  tuned-plate  circuit 
with  a  tickler  coil  in  the  first  tube 
section  cathode  circuit  which  pro¬ 
vides  not  only  voltage  feedback  but 
also  degeneration  due  to  the  im¬ 
pedance  drop  occurring  for  current 
flow.  The  second  parallel  tube  sec¬ 
tion  has  its  grid  connected  to  the 
oscillator  grid  so  that  the  average 
current  thereof  is  also  controlled 
in  accordance  with  the  vane  posi¬ 
tion,  although  this  section  does  not 
oscillate.  The  use  of  this  second 
parallel  triode  results  in  about  60 
percent  more  current  being  avail¬ 
able  for  relay  operation,  thereby 
providing  greater  power  output  and 
permitting  use  of  a  lower-resist¬ 
ance  relay  coil  with  consequently 
larger  wire  size. 

Capacitor  C»  is  an  r-f  bypass 
shunting  the  d-c  load  and  plate 
supply  source.  Cx,  acting  in  paral- 


Duplcx  Ton^-octuoted  controller  being  need  with  recording  thermometer  from  which 
chart  and  chart  plate  hare  been  remored  to  ehow  the  control  imite.  Each  ol  the  two 
recording  pent  ii  mechanically  linked  to  one  oi  the  Tcmee 
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FIG.  2 — Block  diagrom  of  toloTlsion  comora  and 
compUto  pictaro  systom 


necessary  synchronizing  circuits, 
blanking  amplifiers,  and  power 
supplies  are  included. 

Cantor  a  Systom 

The  components  contained  in  the 
camera  are  the  two-inch  iconoscope, 
a  four-stage  video  preamplifier, 
and  the  lens  mounting.  The  en¬ 
tire  camera  housing  is  made  of 
1/16-inch  copper  and  a  partition 
of  the  same  material  separates  the 
camera  tube  from  the  video  pre¬ 
amplifier.  This  type  of  shielding 
is  necessary,  since  the  presence  of 
spurious  signals  on  the  kinescope 


can  be  very  annoying  and  detract 
from  the  quality  of  the  picture 
produced. 

Care  should  also  be  taken  if  long 
cables  are  used  between  the 


camera  and  the  monitor  to  filter 
all  electrode  voltages  properly  and 
to  carry  a  good  low-resistance 
ground  between  the  two  pieces  of 
equipment  All  of  the  shields  for 
the  cables  and  the  camera  housing 
should  be  returned  to  the  monitor 
rack  and  a  solid  connection  made 
at  one  point  only.  This  will  elim¬ 
inate  possible  pickup  loops  due  to 
nonuniform  ground  potentials. 

It  is  recommended  that  the 
camera  tube  be  operated  with  its 
second  anode  at  ground  potential 
and  its  cathode  at  a  high  nega¬ 
tive  potential.  This  method  of 
operation  eliminates  the  need  for 
a  high-voltage  input  capacitor  to 
the  grid  of  the  first  preamplifier 
stage,  since  the  signal  plate  of  the 
iconoscope  operates  at  second- 
anode  voltage.  Operating  the 
iconoscope  in  this  manner  also 
eliminates  the  possibility  of  coup¬ 
ling  hum  from  the  high-voltage 
power  supply  into  the  input  of 
the  video  preamplifier. 

The  video  preamplifier,  dia- 


Copobillllas  of  tho  ■ystom  aro  Ilhistratod  by  thia  somo-aiio  roprodneUoB  of  a  photo¬ 
graph  tokon  of  tho  scroon  of  tho  7GP4  kinoacopo 
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SIMPLIFIED 


A  new  iconoscope  makes  possible  circuit  simplifica¬ 
tion  and  permits  reproduction  on  the  receiving 
cathode-ray  tube  screen  comparable  to  newspaper 
half  tones.  Complete  circuit  details  are  given  for  the 
250-line  60-frame  system 


viewed  kinescope,  comparable  in 
quality-  to  a  newspaper  reproduc¬ 
tion  of  a  photograph. 

Although  the  tube  is  designed 
to  operate  with  800  volts  on  the 
accelerator  electrode,  it  will  per¬ 
form  satisfactorily  at  600  volts 
with  only  a  slight  loss  in  picture 
definition.  .The  small  area  of  the 
mosaic  permits  the  use  of  a  low- 
cost  lens  such  as  the  lens  of  a  35- 
mm  camera  having  a  speed  of  F  :3.5 
or  greater. 

Many  of  the  new  techniques 
learned  during  experimentation 
with  military  tubes  were  used  to 
great  advantage  in  the  design  of 
this  tube,  making  it  superior  to 
the  now  obsolete  forerunner,  type 
1847.  A  new  method  of  mosaic 
treatment,  for  example,  permits 
the  transmission  of  a  greater 
amount  of  light  to  the  photosensi¬ 
tive  surface  and,  consequently,  im¬ 
proved  sensitivity  is  achieved. 
Greater  signal  output  is  obtained 
by  the  use  of  a  high-capacitance 
mosaic  which  older-type  tubes  could 
not  support.  A  direct  contact  to 
the  mosaic  signal  plate,  instead  of 
the  capacitive  coupling  used  in 
tsrpe  1847,  improves  the  low-fre¬ 
quency  response. 

Although  the  tube  uses  electro¬ 
static  deflection  rather  than  the 
more  expensive  and  cumbersome 
electromagnetic  deflection  system, 
good  picture  deflnition  is  obtained 
through  the  use  of  the  wartime- 


developed  fine-spot  cathode-ray  gun 
with  balanced  deflection.  The 
resolution  capabilities  of  the  tube 
are  exceptionally  good,  and  as 
measured  by  television  standards, 
(lines  per  picture  height)  are  260 
lines.  The  difficulty  from  non- 
uniform  background  signals,  or 
dark  spots  found  in  all  iconoscopes, 
is  ordinarily  not  troublesome  in 
industrial  applications  and,  there¬ 
fore,  very  satisfactory  pictures  are 
obtained  without  the  use  of  shading 
signals.  In  addition,  the  tube  does 
not  require  keystone  correction. 

The  system  illustrated  in  Fig.  1 
contains  all  of  the  components 
necessary  to  give  a  good  television 
picture  and  can  be  adapted  to  a 
transmitting  and  receiving  sys¬ 
tem.  The  sensitivity  and  resolu¬ 
tion  of  the  system,  together  with 
the  modest  cost  of  components, 
make  it  applicable  to  many  uses 
in  both  the  industrial  and  educa¬ 
tional  fields.  The  adaptability  of 
the  system  and  its  excellent  per¬ 
formance  make  the  system  ex¬ 
tremely  versatile  and  provide  a 
wide  range  of  possible  applica¬ 
tions. 

The  complete  system  includes 
the  camera  and  monitor  as  illus¬ 
trated  in  the  block  diagram  of  Fig. 
2.  The  scene  to  be  televised  is 
converted  to  an  electrical  signal 
by  the  pickup  tube.  This  signal 
is  then  amplified  and  reproduced 
on  the  screen  of  the  kinescope.  The 


FIG.  1 — ^T»l«Tidon  comara  and  picture 
■yetem,  chassis  in  a  4-foot  rock 


The  use  of  a  television  system 
to  view  dangerous  operations 
at  Bikini  without  endangering  hu¬ 
man  life  effectively  demonstrated 
that  there  exists  an  important  use 
for  television  other  than  enter¬ 
tainment  Industry  could  use  a 
simplified  system  advantageously, 
and  so  could  schools  and  exi>eri- 
menters. 

A  major  step  toward  reducing 
the  cost  of  a  television  system  has 
been  made  with  the  introduction 
of  a  new  two-inch  iconoscope,  the 
RCA  5527.  It  is  relatively  inex¬ 
pensive  and  has  been  designed  so 
that  the  equipment  associated  with 
it  can  be  compact  simple,  and 
economical.  For  a  satisfactory  pic¬ 
ture  with  this  pickup  tube,  only 
about  1,000  foot-candles  of  incident 
illumination  are  required.  This 
amount  of  light  is  roughly  the 
same  as  that  used  in  present  tele¬ 
vision  broadcasting  studios  and 
can  be  obtained  with  three  200- 
watt  lamps  placed  four  feet  from 
the  subject.  An  outdoor  scene 
televised  by  the  5527  on  a  normal 
sunny  day  produces  a  picture, 
when  viewed  on  a  7GP4  directly- 


JiHM.  1947  — ELECTRONICS 


CONTROL 


'FROM 
F  Of 

FIGO 


63V&-I 


o  6SC7H0R  biSO* 
8  MULTI-  <  Tl 
N  VIBRATOR  Si  MEG 


FROM  J 
OF  FIG  4 


FROM  K 
OF  FIG  9 


ELECTRONICS  — June, 


ing  pulse  superimposed  on  the 
blanking  pulses.  This  output  could 
then  be  coupled  into  a  video  modu¬ 
lator  for  transmission  of  a  televised 
picture. 

Syaebroaiiiaq  aad  Blaakinf  CIreaHs 

The  standard  method  of  inter¬ 
laced  scanning  for  both  the  kine¬ 
scope  and  the  iconoscope  was  re¬ 
jected  in  favor  of  a  simpler  method 
to  keep  the  expense  low  and  physi¬ 
cal  size  of  the  equipment  small.  The 
60-cycle-per-second  relaxation  os¬ 
cillator  synchronized  to  the  60- 
cycle-per-second  power  frequency 
supplies  the  vertical  time  base.  This 
simple  oscillator  synchronized  with 
the  power  frequency  is  stable 
enough  to  eliminate  the  need  of  a 
speed  control.  A  free-running 
multivibrator  operating  at  approxi¬ 
mately  16,000  cycles  per  second  sup¬ 
plies  the  horizontal  time  base.  These 
frequencies  give  a  260-line,  60- 
frame  noninterlaced  scanning  ras¬ 
ter,  which  when  properly  blanked, 
gives  a  stable  picture. 

Vertical  aad  Hericoatal  Oscillators 

A  6AC7  tube  is  used  for  the  ver¬ 
tical  oscillator,  as  shown  in  Fig. 
6A.  The  frequency  of  oscillation 
is  determined  by  the  tube  capaci¬ 
tance  in  conjunction  with  the  RC 
constants  in  the  screen-grid  and 
suppressor-grid  circuits.  A  60- 
cycle  saw-tooth  voltage  is  developed 
in  the  plate  circuits  of  this  oscil¬ 
lator  and  coupled  into  a  6SN7-GT 
phase  inverter. 

The  output  of  the  inverter  stage 
is  a  push-pull  saw-tooth  voltage  of 
sufficient  amplitude  to  scan  the 
iconoscope  in  the  vertical  direction. 
The  screen  circuit  of  the  6AC7  ver¬ 
tical  oscillator  produces  a  straight¬ 
sided  pulse  of  approximately  20 
volts  peak-to-peak  which  is  used  as 
the  driving  pulse  for  the  kinescope 
vertical  scanning.  With  this 
method  both  the  iconoscope  and 
kinescope  vertical  scanning  systems 
are  in  synchronization. 

The  horizontal  synchronizing 
pulses  and  driving  pulses  are  de¬ 
rived  from  a  free-running  cathode- 
coupled  multivibrator  utilizing  a 
6SC7,  as  shown  in  Fig.  6C.  The 
cathode  of  the  horizontal  multivi¬ 
brator  produces  a  positive  straight¬ 
sided  pulse  which  is  coupled  to  a 
6J6  discharge  tube;  this  cathode 
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FIG.  6— Horixontal  and  Terticol  deflection  circuits  for  7GP4  picture  tube 

pulse  is  also  used  as  the  driving  duces  the  horizontal  deflection  for 

pulse  for  the  horizontal  kinescope  the  iconoscope, 

scanning.  The  output  of  the  hori-  Across  the  cathode  resistor  of 
zontal  discharge  tube  is  coupled  to  the  vertical  oscillator,  a  straight- 

a  6SN7-GT  phase  inverter  and  side  negative  pulse  of  approxi- 

pushpull  output  tube  which  pro-  mately  eight  volts  peak-to-peak  is 


TUBE  ¥■ 


grammed  in  Fig.  3,  consists  of  a  black  bar  on  a  white  background, 
four  stages  using  the  miniature  The  output  of  the  video  preampli- 
tube  type  6 AGS.  Conventional  fier  is  fed  over  a  75-ohm  coaxial 
shunt  peaking  is  used  to  obtain  cable,  at  a  level  of  0.6  volts  peak- 
a  flat  response  over  the  range  from  to-peak,  to  the  gain  control  at  the 
60  cycles  per  second  to  2.5  mega-  input  to  the  video  line  amplifier, 
cycles.  Because  of  the  shunt 
capacitance  of  the  iconoscope  sig¬ 
nal  electrode  and  the  input  stage 
of  the  first  video  preamplifier,  it 
is  necessary  to  compensate  the 
video  preamplifier  for  the  loss  of 
high  frequencies.  The  loss  of 
high-frequency  picture  intelligence, 
may  be  observed  on  the  kinescope 
as  a  black  streak  following  a  black 
bar  on  a  white  background.  The 
action  of  the  compensation  stage 
is  to  reduce  in  amplitude  the  low- 
frequency  response  and  to  amplify 
the  high  frequencies,  giving  an 
overall  linear  response  with  re¬ 
duced  amplitude  over  the  desired 
bandwidth.  Over-compensation  of 
the  amplifier,  that  is,  peaking  tiie 
high  frequencies  too  much,  is  evi¬ 
denced  by*  a  white  streak  following 


Optical  Systan 

The  lens  mount  and  optical  fo¬ 
cusing  system  for  the  camera  con¬ 
sist  of  two  pieces  of  concentric  tub¬ 
ing.  The  smaller  tubing  has  the 
lens  mounted  on  one  end  and  the 
inside  surface  of  this  tubing  is 
painted  a  matte  black  to  reduce  in¬ 
side  wall  reflections.  The  larger 
tubing  is  solidly  mounted  on  the 
front  panel  of  the  camera. 

Optical  focus  is  obtained  by  slid¬ 
ing  the  smaller  tubing  back  and 
forth  on  its  axis  inside  the  larger 
tubing.  The  two  pieces  of  tubing 
take  the  place  of  a  bellows  since 
they  are  light  tight  and  give  a  wide 
range  of  focus.  Because  of  the  small 
mosaic  in  the  two-inch  iconoscope,  a 
physically  small  lens  with  a  large 


Two-inch  iconotcope  for  the  2S0-line  sye- 
tem 


opening  (F:2  or  F:3.5)  and  a  short 
focal  length  (2  to  3  inch)  may  be 
used.  A  short  focal  length  lens  of 
this  type  is  inexpensive  and  easy 
to  obtain. 

It  is  also  desirable  to  have  an 
adjustable  iris  on  the  lens  so  that 
best  light  conditions  can  be  ob¬ 
tained.  With  this  simple  optical 
system  a  good  picture  of  about  250- 
lines  resolution  can  be  obtained 
with  about  1,000  foot  candles  scene 
illumination. 
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Video  Lioe  Amplifier 

The  video  line  amplifier,  Fig.  4, 
uses  three  6AC7  type  tubes  as  am¬ 
plifiers  and,  like  the  video  preampli¬ 
fier,  uses  conventional  shunt  peak¬ 
ing  to  obtain  a  flat  response  from  60 
cycles  per  second  to  2.5  megacycles. 
The  output  of  the  amplifier  is  a  vi¬ 
deo  signal  complete  with  horizontal 
and  vertical  kinescope  blanking 
pulses  and  is  capable  of  producing 
a  40-volt  peak-to-peak  signal  ta 
drive  the  grid  of  the  7GP4  kine¬ 
scope. 

Because  this  system  was  not  de¬ 
signed  for  transmitting  a  video 
signal,  the  insertion  of  synchroniz¬ 
ing  pulses  was  eliminated.  These 
synchronizing  pulses  could  be  in¬ 
serted  into  the  line  amplifier  after 
the  blanking  insertion  stage.  In 
this  case,  the  output  of  the  video 
line  amplifier  would  be  a  composite 
video  signal  with  the  synchroniz- 


50,000 


5opoo: 


FROM  M 
OF  FIG  7 


FIG.  3 — ^Video  preamplifier  circuit 


FIG.  4 — Circuit  of  Tideo  line  amplifier 


June.  1947  —  ELECTRONICS- 


Noise-free 

CODE  RECEPTION 


Discrimination  between  the  time  constants  of  signal  and  noise  allows  continuous  waves 
to  trigger  an  audio  tone  generator  feeding  the  loudspeaker.  Amplitude  and  frequency 
variations  have  little  influence  on  circuit  operation 

-  By  D.  L.  KINGS  - - 

Blectronic  Laboratories  of  Canada,  Ltd. 

Vancouver,  B.  C. 


The  noiseKUscrtminatiiiq  syatna  d*T«lop«d  by  th«  oothor  Is  iissd  In  coninncHon 
with  a  cooTsntional  communications  rscsiTsr 


Need  for  improved  reception  of 
continuous-wave  signals  at 
lower  threshold  levels,  or  in  greater 
levels  of  impulse  wave  interference, 
has  been  felt  by  all  communication 
men  for  many  years.  The  various 
expedients  to  reduce  shock  from  im¬ 
pulse  waves,  in  the  form  of  limiters, 
have  proven  this.  Although  limiters 
are  very  effective  in  some  cases,  it 
has  been  obvious  that  tone  hetero¬ 
dyning  from  a  beat-frequency  oscil¬ 
lator  was  entirely  unsatisfactory 
for  noise-free  or  automatic  commu¬ 
nications  under  impulse  interfer¬ 
ence  of  atmospheric  or  a  man-made 
nature. 

In  the  approach  to  this  develop¬ 
ment,  it  was  considered  that  the 
fundamental  problem  with  present- 
day  reception  systems  was  involved 
in  discrimination  between  the  simi¬ 
lar  wave  trains  produced  by  noise 
and  c-w  signals.  Therefore,  if  de¬ 
tection  were  possible  when  only 
one  form  of  energy  existed,  this 
problem  would  be  solved.  This 
might  be  possible  if  receivers  were 
made  sufficiently  sensitive  and  de¬ 
tection  of  amplitude  changes  dur¬ 
ing  the  signal  interval  were  non¬ 
existent 

It  was  further  reasoned  that  elec¬ 
trical  interference  energy  existed  at 
all  times  in  a  communications  re¬ 
ceiver,  either  from  antenna  pickup 
or  from  front-stage  noise  in  the  re¬ 
ceiver.  A  c-w  signal  is  continuous, 
having  on  and  off  intervals  and  fad¬ 
ing  characteristics.  Interfering  im¬ 
pulse  noise  by  contrast  is  discon¬ 


tinuous  and  the  duration  of  the 
interfering  impulses  is  much 
shorter  than  even  high-speed  c-w 
intervals. 

Static  impulses,  ignition  interfer¬ 
ence,  and  discharge  interference 
have  extremely  short  time  constants 
at  the  antenna,  but  after  amplifica¬ 
tion  through  r-f  and  i-f  amplifiers 
these  constants  are  increased  sev¬ 
eral  hundred  times. 

Puls*  Actioa 

The  effect  of  interference  im¬ 
pulses  on  the  receiver  tuned  circuits 
ahead  of  the  detector  is  shown  in 
Fig.  1.  An  impulse  (A)  will  ring 
the  tuned  circuits  of  the  first  r-f 
amplifier  to  many  times  the  dura¬ 


tion  of  the  initial  impulse  (B).  This 
in  turn  excites  the  next  stage 
which  rings  for  a  still  longer  dura¬ 
tion,  depending  on  the  Q  of  the 
tuned  circuits,  and  so  on.  (C). 

The  r-f  and  i-f  amplifier  circuit 
time  constants  will  prevent  the 
original  impulse  from  being  ampli¬ 
fied,  and  instead  of  an  impulse  ap¬ 
pearing  at  the  second  detector, 
there  will  be  a  wave  train  (D)  that 
rises  in  amplitude  in  accordance 
with  the  circuit  constants  which 
remains  for  the  duration  of  the 
ringing  of  the  tuned  circuits,  fall¬ 
ing  to  zero  as  dictated  by  the  cir¬ 
cuit  characteristics.  This  may  take 
from  fifty  to  several  hundred  micro¬ 
seconds,  depending  on  the  amplitude 
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pere  electronically  regulated  sup¬ 
ply,  two  r-f  operated  high-voltage 
supplies,  and  two  glow  tube  regu¬ 
lated  supplies.  The  330-volt  d-c  sup¬ 
ply,  Fig.  7,  operates  the  deflection 
circuits,  the  video  amplifiers,  the 
blanking  amplifier,  and  the  oscilla¬ 
tors  for  the  high-voltage  supply. 
One  r-f  high-voltage  supply.  Fig.  8, 
operates  at  —1  kilovolt  maximum 
and  is  capable  of  one  milliampere 
current  drain.  This  supplies  the 
focus  and  P,  voltage  for  the  icon¬ 
oscope.  The  second  r-f  high-volt- 
a*ge  supply.  Fig.  9,  operates  at 
—three  kilovolts  and  supplies  focus 
and  P,  voltages  for  the  7GP4  kine¬ 
scope.  The  two  glow-tube  regulated 
supplies,  Fig.  10,  operate  at  —76 
volts  and  —105  volts  and  produce 
electrostatic  centering  voltages  for 
the  iconoscope  and  kinescope. 

All  of  the  components  in  this 
simplified  television  system  may 
easily  be  mounted  on  a  standard 
rack  measuring  22  x  47  X  17 
inches.  The  camera  unit,  however, 
may-  be  mounted  separately  in  a 
small  compartment  4  x  12  x  6 
inches  and  cabled  to  the  monitor 
rack.  All  of  the  components  may 
be  cabled  together  by  means  of 
Jones  plugs  or  Amphenol  connec¬ 
tors.  In  this  way,  any  components 
may  be  removed  from  the  rack  for 
servicing  or  study  without  unsolder¬ 
ing  any  connections. 

Operating  tests  have  proved  that 
this  television  equipment  is  reliable 
and  stable.  Under  proper  lighting 
conditions,  it  is  possible  to  obtain 
a  good  television  picture  with  suffi¬ 
cient  detail  to  meet  the  require¬ 
ments  of  most  industrial  or  educa¬ 
tional  needs.  The  equipii^nt  is  small 
and  compact  and  because  of  its  sim¬ 
plicity,  does  not  require  highly 
trained  personnel. 
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FIG.  7 — Elactroniecdly  r*9ulat«d  d-c  power  supply 

-  but  it  does  not  detract  too  much 

ie3-GT/  from  the  quality  of  the  picture  pro- 

- Ss  y*  duced. 


DofloctioR  ClrcHits  for  KiRRscep* 

The  electrostatic  deflection  for 
the  7GP4  kinescope  is  developed 
from  the  horizontal  and  vertical 
timing  oscillators.  These  driving 
pulses  are  coupled  into  the  grid 
circuits  of  a  pair  of  6J6  discharge 
tubes,  Fig.  6,  which  produces  hori¬ 
zontal  and  vertical  saw-tooth  volt¬ 
ages.  The  horizontal  and  vertical 
saw-tooth  voltages  developed  in  the 
plate  circuits  of  the  6J5  discharge 
tube  are  coupled  to  a  pair  of  6SN7- 
GT  phase  inverter  and  push-pull 
output  tubes.  The  width  control  is 
in  the  plate  circuit  of  the  horizontal 


FIG.  8 — Oreult  oi  r-f  op*ratod  hlqh-Toltag* 
supply  for  ths  5527 

developed.  In  the  plate  circuit  of 
the  horizontal  multivibrator,  a  simi¬ 
lar  straight-sided  negative  pulse  is 
produced.  These  two  pulses  are 
combined  in  the  6SL7-GT  pulse- 
mixer  tube.  Fig.  SB,  and  then  am¬ 
plified  in  the  6SL7-GT  blanking 
amplifier.  The  kinescope  mixed 
blanking  voltage  is  developed 
across  the  cathode  resistor  of  the 
blanking  amplifier  and  fed  into  the 
second  stage  of  the  video  line  ampli¬ 
fier.  The  iconoscope  mixed  blanking 
voltage  is  taken  from  the  plate  of 
the  blanking  amplifier  and  fed  to 
grid  1  of  the  iconoscope.  Since  the 
vertical  and  horizontal  blanking 
pulses  are  derived  from  the  same 
oscillators  that  produce  the  driving 
pulses  for  the  scanning  circuits,  the 
blanking  time  is  not  sufficient  to 
eliminate  the  bright  edges  which 
appear  on  the  sides  of  the  scanned 
raster.  This  effect  is  not  desirable 


FIG.  9 — B-f-op«ratRd  high-Toltag*  supply 
for  the  7GP4 
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discharge  tube,  and  the  height  con¬ 
trol  is  in  the  plate  circuit  of  the 
vertical  discharge  tube. 


I17Z6-GT 


Power  Supplies 

The  direct-current  power  supplies 
for  the  complete  television  system 
consist  of  a  330-volt,  300-milliam- 


Fig.  10 — Horisontol  and  Tortical  centering 
supplies 
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on  the  shock  and  the  ringing  char¬ 
acteristics  of  the  receiver  circuits. 

It  is  quite  normal  to  get  perfect 
reception  through  impulse  noise 
from  a  c-w  signal  that  is  not  dis¬ 
cernible  on  orthodox  reception  sys¬ 
tems.  Conditions  of  reception  have 
been  noted  under  actual  test,  using 
standard  communications  receivers 
combined  with  this  noise-eliminat¬ 
ing  device,  where  perfect  reception 
was  obtained  even  though  S  meter 
indications  showed  S9  interference 
levels  against  SI  signal  intensity. 

Cireait 

The  schematic  circuit  diagram 
shown  in  Fig.  3  covers  the  arrange¬ 
ment  for  a  unit  primarily  intended 
for  aural  reception  and  adaptable 
for  connection  to  the  i-f  amplifier 
of  a  standard  communications  re¬ 
ceiver.  Tubes  Vi  and  V,  are  sharp¬ 
en  toff -type  r-f  amplifiers,  F,  func¬ 
tioning  somewhat  as  a  peak  lim¬ 
iter.  The  diodes  F.  are  represented 
in  the  detector  circuit  with  one  sec¬ 
tion  acting  as  the  demodulating  di¬ 
ode,  which  prevents  modulation  on 
the  carrier  wave  on  any  voltage  ex¬ 


ceeding  the  difference  between  the 
detector  voltage  and  the  41-volt  bias 
system. 

The  circuit  functions  are  illus¬ 
trated  in 'Fig.  3.  Normal  detection 
is  provided  by  diode  1  until  the  am¬ 
plitude  is  great  enough  to  cause 
rectification  to  occur  in  diode  2  dur¬ 
ing  the  reverse  cycle,  at  which  time 
the  energy  in  excess  of  the  effective 
bias  will  be  equal  and  opposite 
across  the  detector  load  circuit.  The 
half-cycle  difference  will  be  ab¬ 
sorbed  by  the  filter  network, 
thereby  neutralizing  any  effective 
audio-frequency  voltage  change 
across  the  detector  load  resistance. 

Tube  F4  is  a  high-frequency  audio 
amplifier  operating  F»  which  is  a 
square-wave  aniplifier.  The  output 
from  F,  is  relatively  constant  in 
amplitude  and  rectified  by  diode  F^ 
The  filter  capacitor  for  the  rectifier 
may  be  switched  in  value  from 
0.003  to  0.02  nt  for  various  speeds 
of  keying,  and  the  d-c  energy  pro¬ 
vides  cutoff  bias  to  the  triode  sec-, 
tion  of  Vt. 

Tube  F*  is  a  phase-shift  audio 
oscillator  supplying  energy  to  the 


grid  of  F„  which  in  turn  excites 
power  amplifier  F..  The  frequency 
and  amplitude  of  the  oscillator  are 
controlled  in  the  resistance  network 
and  the  volume  control  is  in  the 
grid  circuit  of  the  power  amplifier. 

Saninary 

The  system  provides  for  recep¬ 
tion  of  all  detectable  signals  with¬ 
out  interference.  Controlled  tone 
pitch  and  intensity  reduce  operator 
fatigue  and  greatly  increase  the  ac¬ 
curacy  of  copying.  All  signals  re¬ 
ceived  are  automatically  reproduced 
’  in  unvarying  intensity,  and  absence 
of  background  noises  permits  the 
simultaneous  operation  of  many  re¬ 
ceivers  in  the  same  room  without 
disturbance  to  any  of  the  operators. 

During  standby  periods,  the  re¬ 
ceiver  is  completely  silent  even 
though  adjusted  for  maximum  sen¬ 
sitivity.  In  addition  to  this,  tests 
indicate  that  greater  sensitivities 
may  be  used  for  operation  than  are 
possible  with  conventional  detection 
systems,  as  front-stage  noise  is  less 
harmful  to  the  ultimate  operating 
threshold. 


fig.  3 — Compute  circuit  of  the  syttem  for  eliminating  noise  from  c-w  signals  by  discriminating  between  the  time  constonU  of 

noise  and  the  desired  signal 
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interval  does  not  have  constant  fre¬ 
quency  characteristics,  making*  it 
unsuitable  for  direct  reproduction. 


tor  circuit  in'  receivers  of  conven¬ 
tional  design. 

If  a  c-w  receiver  is  subjected  to 
heavy  ignition  noise  with  repetition 
times  of  two  or  three  hundred  cy¬ 
cles  per  second,  there  will  exist  at 
least  an  equal  number  of  wave 
trains,  or  even  more  if  several  arcs 
occur  on  one  ignition  discharge. 
This  means  that  c-w  intervals  will 
be  separated  by  a  large  number  of 
wave  trains  of  shorter  duration. 

The  detector  voltage  from  the 
discontinuous  wave  trains  may  be 
considerably  greater  than  the  volt¬ 
age  from  the  continuous  waves, 
thereby  preventing  the  use  of  an 
avc  system.  The  amplitude  of  the 
discontinuous  waves  may  be  much 
greater  than  the  continuous  waves, 
thereby  preventing  a  readable  note 
from  a  bfo  detector. 

The  fundamental  difference  be¬ 
tween  the  discontinuous  waves  and 
the  continuous  waves  is  their  rela¬ 
tive  duration.  This  phenomenon  is 
illustrated  in  Fig.  2,  showing  the 
difference  between  continuous  and 
discontinuous  wave  trains  at  (A). 

When  the  rise  and  fall  of  the  de¬ 
tector  voltage  produces  audio  en¬ 
ergy,  the  greatest  voltage  change 
occurs  when  only  the  impulse  wave 
trains  exist.  The  detector  audio 
voltage  during  the  c-w  intervals  is 
produced  by  the  impulse  wave 
trains  amplitude  modulating  the 
continuous  waves. 

To  permit  a  clean  demarkation 
between  the  marker  and  spacer  in¬ 
tervals,  it  is  necessary  to  erase  this 
modulation  during  the  marker,  as 
it  provides  less  audio  energy  than 
the  spacer.  Erasing  c-w  of  the  dis¬ 
continuous  wave  trains  necessitates 
very  heavy  limiting  at  the  second 
detector,  so  that  continuous  waves 
will  not  permit  a  change  in  the  de¬ 
tector  audio  voltage  during  the 
marker  interval  as  illustrated  in 
Fig.  2(B). 

With  satisfactory  limiting  of  the 
detector,  there  will  exist  audio  en¬ 
ergy  from  the  rise  and  fall  of  each 
end  of  a  discontinuous  wave  train 
and  a  silent  period  during  the  rela¬ 
tively  long  c-w  marker  interval  (C). 
This  form  of  limiting  permits  clean 
demarkation  between  c-w  and  im¬ 
pulse  noise.  However,  the  audio  en¬ 
ergy  obtained  during  the  spacer 


Triggered  Aedio  Sigeol 

To  reproduce  the  marker  time 
interval,  the  spacer  audio  energy 
must  be  amplified,  limited  (D),  rec¬ 
tified  (E),  then  the  d-c  component 
used  to  trigger  an  audio  tone  gen¬ 
erator  to  produce  marker  (F)  or 
spacer  tone  intervals.  The  d-c  may 
also  be  used  to  operate  a  telet}rx)e 
machine  directly. 

A  simple  method  of  producing  a 
tone  for  the  marker  interval  in¬ 
volves  utilization  of  the  d-c  voltage 
that  is  derived  from  the  spacer 
audio  energy  for  biasing  an  audio 
tone  amplifier  to  cutoff.  Then  the 


I  to  MICROSeCONDS 


IMPULSE  WAVE  TRAIN 
AT  DETECTOR 
(0) 


FIG.  1 — Analysis  of  ths  action  of  on 
impulse  through  the  tuned  circuits  of  o 
receiver 

of  the  original  impulse,  whereas 
this  initial  impulse  duration  (A) 
may  be  only  a  fraction  of  a  micro¬ 
second. 

In  referring  to  impulse  interfer¬ 
ence  at  the  detector,  it  is  necessary 
therefore  to  consider  these  interfer¬ 
ences  as  discontinuous  wave  trains 
that  vary  in  length  in  accordance 
with  the  amplitude  of  the  original 
impulse.  It  is  these  receiver-gener¬ 
ated  wave  trains  that  cause  portions 
of  the  intelligence  waves  to  be  oblit¬ 
erated  from  the  detector  when  the 
amplitude  or  audio  beat  is  being 
detected. 

In  receiving  locations  having  a 
high  ambient  impulse  background 
noise,  it  would  seem  that  these  wave 
trains  could  be  frequent  enough  to 
create  a  continuous  wave  if  they 
followed  each  other  very  closely. 
Considering  that  each  wave  train, 
or  circuit  ring,  is  started  by  an  im¬ 
pulse,  and  these  impulses  have  no 
phase  relation  to  each  other,  then  it 
will  follow  that  the  random  phase 
relation  will  cause  conflicting  phase 
angles  between  each  wave  train  and, 
therefore,  cannot  make  up  a  con¬ 
tinuous  wave.  These  phase  differ¬ 
ences  between  wave  trains  cause 
the  amplitude  to  fall  between  each 
wave  train.  This  condition  marks 
the  distinction  between  reception 
of  a  continuous  wave  and  that  of 
impulse  wave  trains  at  the  detec¬ 


C-W  WAVE  TRAIN 


IMPULSE  WAVE 
- TRAIN 


1  millisecond- 


1  millisecond 


FIG.  2 — Steps  in  the  limiting  anfl  detection 
of  a  c-w  signal 

C-W  interval  interrupts  the  d-c  volt¬ 
age  and  the  amplifier  produces  the 
desired  tone. 

In  the  practical  application  of 
this  system,  it  is  found  desirable  to 
have  two  or  three  filter  time-con¬ 
stant  adjustments  in  the  d-c  gen¬ 
erating  circuit.  This  provides  for 
various  speeds  of  reception  so  that 
even  when,  for  example,  one  hun¬ 
dred  words  per  minute  cannot  be 
received  due  to  very  heavy  impulse 
noise,  a  setting  is  available  for 
lower  speeds.  Adjustable  tone  fre¬ 
quency  is  also  provided  to  prevent 
operator  fatigue.  The  receiving  ac¬ 
curacy  of  the  system  is  dependent 
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CERTAIN  TYPES  of  electronic 
equipment  require  the  switch¬ 
ing  of  •  radio-frequency  energy 
between  two  circuit  elements.  Ex¬ 
amples  of  such  equipment  are  radio 
direction  finders  and  beacons,  for 
which  various  mechanical  and  elec¬ 
tronic  means  have  been  employed 
to  accomplish  the  desired  switch¬ 
ing. 

This  paper  presents  a  few  of  the 
observed  and  measured  character¬ 
istics  of  a  particular  multivibrator 
tjrpe  of  switch,  including  the  meas¬ 
urement  of  the  instantaneous  input 
resistance.  While  the  measure¬ 
ments  reported  were  made  at  fre¬ 
quencies  between  20  and  60  mega¬ 
cycles  per  second,  the  same  general 
tyi)e  of  circuit  can  be  used  at  lower 
or  higher  frequencies. 


Multivibrator  circuit  using  two  pentodes  amplifies  and 
automatically  switches  two  circuits  into  common  indicator 
for  direction  finding  and  similar  uses.  Design  considera¬ 
tions,  switching  ratios,  and  input  resistance  variations  are 

discussed 
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proximately  200  cycles  per  second. 
The  circuit  appears  similar  to  that 
of  a  conventional  r-f  amplifier. 
However,  in  contrast  to  regular 
r-f  amplifiers  having  fixed  operat¬ 
ing  potentials,  the  amplification 
here  is  accompanied  by  cyclical 
changes  in  bias  and  operating  po¬ 
tentials  imposed  by  the  voltages  of 
multivibration. 

A  resistor  R  in  series  with  capac¬ 
itor  C  form  the  audio-feedback  path 
between  the  plate-screen  of  each 
tube  and  the  grid  of  the  other  tube. 
This  resistor  serves  the  dual  pur¬ 
pose  of  preventing  r-f  coupling  be¬ 


tween  tubes  and  of  limiting  the  d-c 
grid  current.  Its  value  has  an  im¬ 
portant  effect  both  on  the  multi¬ 
vibrator  wave  shape  and  on  the 
input  impedance  of  the  switch.  If 
r-f  decoupling  were  the  only  con¬ 
sideration,  a  choke  might  be  used 
in  place  of  this  resistor.  A  bypass 
capacitor  from  the  screen-grid  to 
ground  is  needed  for  r-f  amplifica¬ 
tion  but  tends  to  reduce  the  sharp¬ 
ness  of  the  square  wave  multivi¬ 
brator  voltages.  The  capacitor  used 
should  be  large  enough  to  provide 
r-f  bypassing  but  small  enough  to 
maintain  square-wave  sharpness. 


Oescriptiea  of  Circait 

A  schematic  diagram  of  the  elec¬ 
tronic  switch  on  which  tests  and 
observations  were  made  is  shown 
in  Fig.  1.  The  tubes  function  both 
as  an  amplifier  for  radio  frequen¬ 
cies  in  the  range  from  20  to  60 
megacycles  per  second  and  as  an 
audio-frequency  generator  at  ap- 


Multivibrator  Voltage  and  Wave 
Forms 


R-F  OUTPUT 


Before  studying  the  performance 
of  the  multivibrator  switch  at  radio 
frequencies,  it  is  advisable  to  ex¬ 
amine  the  performance  of  the 
switch  simply  as  an  audio-fre¬ 
quency  oscillator.  In  order  to  do 
this,  oscillograms  of  the  voltage 
pattern  at  each  electrode  (anode, 
screen  and  control  grid)  of  one 
tube,  and  at  the  junction  of  the 
feed-back  capacitor  C  and  resistor 
R  were  recorded.  Separate  tests 
were  made  using  values  of  100,000 
ohms,  820,000  ohms  and  2  megohms 
for  R.  The  results  for  the  first  two 
cases  are  shown  in  Fig.  2  and  3. 
Horizontal  lines  in  each  oscillogram 
represent  fixed  voltages  applied  for 
calibration  purposes.  All  voltage 
outputs  were  applied  directly  to  the 
plates  of  an  oscilloscope  having  20 
megohms  internal  resistance. 


C>900,i^F 


FIG.  1 — Schematic  drcuit  diagram  of  multiTibrotor  switch 
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to  minimize  r-f  input  circuit  load¬ 
ing  that  increases  with  the  grid 
current.  The  grid  current  may  be 
determined  from  the  oscillograms 
which  give  the  voltages  at  either 
end  of  resistor  R.'  The  peak  grid 
currents  are  300  microamperes,  76 
microamperes  and  33  microamperes 
when  R  is  100,000  ohms,  820,000 
ohms,  and  2  megohms  respectively. 
(The  variations  in  grid  current 
throughout  the  conducting  portion 
of  the  cycle  are  shown  in  Fig,  7C. 


CACT 


SWITCH 


50(i,iF 


SIGNAL 

GENERATOR 


'80V 


FIG.  2 — When  B  la  100.000  ohms  the  mul-  FIG.  3 — ^When  B  la  820.000  ohma  the  xnulti- 
tiTibrator  Toltaqea  are  oa  shown:  (A)  at  Tibrotor  Toltages  are  oa  follows:  (A)  at 
anode,  (B)  ot  screen.  (C)  at  grid,  (D)  at  anode,  (B)  at  screen,  (C)  at  grid.  (D)  at 
iunction  of  R  and  C  junction  of  R  and  C 


The  high  plate  potentials  of  ap¬ 
proximately  150  volts  correspond 
to  the  cutoff  condition  of  the  tube. 
The  low  plate  potentials  correspond 
to  the  operating  interval.  The  po¬ 
tentials  on  the  tube  during  the  con¬ 
ducting  period  determine  at  any 
instant  its  operating  characteristics 
as  an  amplifier. 

The  contour  of  the  grid  voltage 
variation  demonstrates  the  grid- 
voltage  limiting  action  which  tends 
to  maintain  nearly  zero  bias  on  the 
grid  during  the  conducting  period. 
During  the  conducting  period  the 
input  resistance  of  the  control  grid 
is  low  in  comparison  to  the  current- 
limiting  resistance  R;  and  the  grid 
voltage  goes  positive  only  a  very 
small  fraction  of  the  voltage  applied 
at  the  other  end  of  R  (compare  Fig. 
2  C  and  D  or  Fig.  3  C  and  D).  It  is 
desirable  to  keep  this  positive 
swing  as  small  as  possible,  both  for 
the  sake  of  the  a-f  waveform  and 


grid  current  drops  throughout  the 
cycle  increase  as  the  value  of  R 
is  decreased.) 

Amplificatioii  Ckaroetcristics 

Since  the  state  of  multivibration 
imposes  varying  potentials  of  ap¬ 
preciable  magnitude  on  the  elec¬ 
trodes  of  the  tube,  the  r-f  amplifica¬ 
tion  may  be  expected  to  vary  also. 
The  amplification  has  been  investi¬ 
gated  using  the  arrangement  shown 
in  Fig.  4.  Because  the  r-f  voltages 
used  are  at  too  high  a  frequency  to 
apply  directly  to  the  usual  oscill(> 
scope,  the  output  of  the  switch  is 
first  fed  to  a  superheterodyne  re¬ 
ceiver  that  converts  the  r-f  to  a 
lower  frequency. 

Figure  5  is  a  typical  oscillogram 
obtained  when  the  input  signal  is 
from  a  low  impedance  source  (R, 
approximately  20  ohms).  Under 
these  conditions  the  input  signal 


remains  practically  constant  and 
independent  of  the  connected  load. 
Hence,  any  variation  in  signal  out¬ 
put  results  from  the  amplification 
characteristics  of  the  switching 
tube.  The  variations  in  height  of 
the  r-f  envelope  presented  on  the 
scope  indicate  the  variations  in  r-f 
amplification  of  the  switch.  As  can 
be  seen,  the  amplification  remains 
relatively  constant  throughout  the 
conducting  portion  of  the  multi¬ 
vibrator  cycle,  in  spite  of  the  appre¬ 
ciable  variations  in  plate  and  screen 
voltages  (shown  in  Fig.  2  and  3). 
The  waveform  of  the  r-f  envelope 
is  essentially  rectangular  and  has 
steeper  sides  than  those  of  the  cor¬ 
responding  multivibrator  plate  and 
screen  voltages. 

Switching  Ratio  ChoraetorUtie* 

Switching  ratio  is  defined  as  the 
on-off  ratio  of  r-f  voltage  appearing 
at  the  output  circuit,  and  is  meas¬ 
ured  from  an  oscillogram  such  as 
Fig.  5.  Dimension  A  corresponds 
to  the  r-f  voltage  available  when 
the  switch  is  closed;  w'^hen  the  tube 
is  functioning  as  an  r-f  amplifier. 
The  distance  B  corresponds  to  the 
r-f  voltage  leaking  through  the 
switch  when  it  is  open;  that  is, 
when  the  tube  is  cut  off. 

One  technique  used  in  measuring 
switching  ratios  involves  the  meas¬ 
urement  of  four  factors  as  shown 
in  the  following 


The  magnitude  of  the  peak  grid 
current  and  the  rate  at  which  the 


FIG.  4 — Schematic  circuit  diagram  ol  the  receieer  lued  lor  measuring  characteristics 
oi  the  switch,  and  block  diagram  of  test  connections 
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)  switching  ratio  =  {A/B)iE,/Et) 

(1) 

in  which  A  and  B  are  the  measured 
oscilloscope  deflections  indicated  as 
I  A  and  B  in  Fig.  5,  and  E^  and  Em 

are  the  output  readings  of  the  sig¬ 
nal  generator  in  microvolts  when 
measuring  the  heights  of  A  and  B 
I  respectively. 

If  desired,  the  measurements  can 
I  be  reduced  to  two  quantities  as 

i  follows:  The  deflections  A  and  B 

[  may  be  measured  for  a  constant 

■  signal-generator  voltage  (Ea=Em)  , 

I  or  the  signal-generator  voltages, 

Ea  and  Em,  may  be  recorded  for 
equal  oscilloscope  deflections  (A  = 
B).  The  former  procedure  pre¬ 
sented  a  practical  difficulty  because 
the  deflection  B  was  smaller  than 
the  thickness  of  the  normal  oscil¬ 
loscope  trace.  In  the  latter  pro¬ 
cedure  the  deflection  should  be 
chosen  so  that  its  magnitude  in¬ 
sures  reliable  readings  without 
overloading  the  receiver.  Under 
the  conditions  of  this  particular  ex¬ 
periment  it  was  found  advisable  to 
measure  all  four  quantities. 

As  a  check  on  the  method  used, 
the  switching  ratio  was  measured 
under  simulated  conditions  with 
multivibration  stopped  by  biasing 
one  tube  to  cutoff.  The  factor  by 
which  the  signal  had  to  be  increased 
in  order  to  equal  the  height  of  the 
oscillogram  when  the  tube  was  op¬ 
erating  as  an  r-f  amplifier  was 
taken  as  the  switching  ratio.  The 
results  were  approximately  the 
same  as  those  measured  under  con¬ 
ditions  of  multivibration. 

Representative  values  for  switch¬ 
ing  ratios  obtained  with  the  circuit 
arrangement  used  (Fig.  4)  were 


FIG.  S— Amplification  characteristics  and 
off*on  ratio  of  the  switch  at  60  me  when 
R  is  820.000  ohms 


170  at  28  megacycles  and  65  at  60 
megacycles  per  second. 

Inpat  Resistance 

When  the  output  impedance  of 
the  source  of  constant  signal  is 
made  comparable  to  the  input  im¬ 
pedance  of  the  switch,  for  example, 
by  inserting  a  series  resistor,  the 
r-f  envelope  departs  considerably 
from  that  obtained  when  the  source 
impedance  is  negligible.  Figure  6 
shows  pairs  of  oscillograms  which 
demonstrate  such  departures.  The 
left-hand  oscillograms  designated 
by  the  letter  A  show  the  character¬ 
istic  amplification  pattern  with  R, 
approximately  20  ohms,  which  is 
negligible;  the  right-hand  oscillo¬ 
grams  designated  by  the  letter  B 
show  the  corresponding  results 
when  R,  equals  3,000  ohms.  In  the 
latter  case,  R,  and  the  input  resist¬ 
ance  of  the  switch  form  a  voltage 
divider  that  reduces  the  r-f  voltage 
available  for  amplification.  The 
input  resistance  of  the  switch 
varies  continuously  throughout  the 


except  for  a  slight  variation  in 
^nput  capacitance  during  the 
switching  cycle,  and  the  resistive 
component  of  the  input  impedance 
is  measured. 

The  input  resistance  actually 
measured  is  that  between  orTe  end 
of  the  tuned  circuit  and  ground 
rather  than  that  across  the  tuned 
circuit.  It  is  the  combined  load  of 
operative  tube,  inoperative  tube, 
and  circuit.  Care  was  taken  to  bal¬ 
ance  the  input  circuit  and  the 
Switch.  The  input  resistance  is 
measured  in  the  following  manner: 
first  a  signal  voltage  is  applied  di¬ 
rectly  to  input  1  or  input  2  (Fig. 
4)  from  a  generator  of  negligible 
internal  impedance.  The  microvolt 
reading  of  the  signal  generator  is 
the  lyptual  voltage  applied.  The 
height  of  the  resulting  square  wave 
envelope  is  observed  on  the  oscillo¬ 
scope.  Then  a  known  resistance  is 
placed  in  series  with  the  signal  gen¬ 
erator  and  input  1  or  input  2,  thus 
producing  an  oscillogram  having  a 
fishtail  contour.  If  the  generator 


A  B  A  BAB 

■f  =  ?8MC  ^  =  28^10  ^=28^10 

R=  100,000  R  =  820,000  R=  2,000,000 


A  B  A  B  A  B 

f=:60MC  f=60MC  -f=€)0MC 

R=100.000  R=820,000  R=  2,000,000 


FIG.  6 — Radio-fr*qu«nqf  eoTelopea  produced  by  awitch  under  Toryinq  circuit 
condiUona.  Each  left-hand  picture  (A),  waa  obtained  with  the  awitch  input  connected 
to  a  low-impedance  aource.  while  at  the  right  (B)  it  waa  connected  to  a  3.000-ohm 

aource 


conducting  portion  of  the  multi¬ 
vibrator  cycle  as  demonstrated  by 
the  fishtail  shape  of  the  right-hand 
oscillograms. 

The  particular  application  con¬ 
templated  when  this  investigation 
was  undertaken  was  such  that  the 
switch  input  would  ’  come  from  a 
push-pull  circuit  tuned  to  the  r-f 
signal.  For  this  reason  a  tuned 
input  circuit  (Fig.  4)  was  chosen 
to  simulate  the  expected  condition 
of  operation.  Since  the  circuit  is 
tuned  to  the  signal  frequency,  the 
reactive  component  is  tuned  out. 


microvolt-reading  is  kept  the  same 
as  before,  then  the  difference  be¬ 
tween  the  height  of  the  square  wave 
and  the  height  of  the  fishtail  at  any 
instant  serves  as  a  measure  of  the 
voltage  drop  across  the  known  re¬ 
sistance  in  series  with  the  signal 
generator.  These  data  may  be  used 
to  calculate  the  input  resistance  of 
the  switch  at  any  instant  of  the 
cycle,  as  given  by  the  following 
equation 

Input  resistance^ 

R./UHo/Hm)  -1]  (2) 

in  .which  Ho  is  the  height  of  the 
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FIG.  7 — (A)  showt  input  rotistonce  of  tho  twitch  at  28  me:  (B)  that  at  60  me.  Grid 
curront  it  thown  in  (C).  Time  intorrol  it  tho  cyclo  of  conduction  of  either  tube, 
which  is  about  2.5  millitecondt  when  R  it  820,000  ohms 


oscillogram  at  a  particular  instant 
of  the  cycle  for  negligible  imped¬ 
ance  of  the  signal  source,  and  Hm 
is  the  height  at  the  same  instant  of 
the  cycle  when  a  known  impedance 
R,  is  placed  in  series  with  the  sig¬ 
nal  generator.  The  heights  used  in 
the  formula  should  include  correc¬ 
tion  for  the  thickness  of  the  oscil¬ 
lograph  line. 

Variotion  Daring  Switching 

The  variation  of  input  resistance 
of  the  switch  throughout  a  switch¬ 
ing  cycle  is  shown  in  Fig.  7.  The 
data  for  these  curves  were  obtained 
by  applying  Eq.  2  to  oscillograms 
(Fig.  6).  Care  was  taken  to  main¬ 
tain  constant  output  of  the  signal 
generator  throughout  the  recording 
of  each  pair  of  oscillograms.  The 
particular  value  of  R  (the  resistor 
in  the  feedback  path  of  the  multi¬ 
vibrator  circuit)  for  each  oscillo¬ 
gram  is  indicated  in  the  figures  as 
is  also  the  frequency  of  the  signal. 
It  will  be  noted  that  there  is  con¬ 
siderable  variation  of  input  resist¬ 
ance  during  a  switching  cycle.  The 
range  of  this  variation  decreases  as 
the  signal  frequency  and  the  value 
of  R  are  increased.  It  is  interesting 
to  know  how  the  grid  current  varies 
during  the  same  switching  cycle, 
so  the  curve  showing  this  variation 
is  given  in  Fig.  7C. 

A  comparison  was  made  of  the 
minimum  value  of  the  r-f  input  re¬ 
sistances  shown  in  Fig.  7 A  and  7B 
with  the  value  of  d-c  input  resist¬ 
ance  of  one  tube  at  the  peak  grid 
currents  shown  in  Fig.  7C.  The 


grid  voltage-current  curve  for  the 
particular  tube  was  established: 
The  slope  of  this  curve  was  meas¬ 
ured  to  determine  the  d-c  incre¬ 
mental  input  resistance.  The  val¬ 
ues  of  grid  current,  at  which  the  • 
slope  was  determined,  were  300,  75, 
and  33  microamperes,  which  are  the 
peak  grid  currents  as  determined 
above.  It  was  found  that  the  d-c 
incremental  input  resistances  thus 
determined  were  of  the  same  order 
of  magnitude  as  the  minimum  r-f 
values. 

Straight  Amplifiar  ComporisoR 

A  comparison  was  made  of  thg  ' 
input  resistance  of  the  tubes  dur¬ 
ing  multivibration  and  of  the  same 
pair  of  tubes  operating  as  an  r-f 
amplifier  (nonswitching).  This  was 
done  in  order  to  ascertain  how  the 
instantaneous  impedance  of  a  multi¬ 
vibrator  deviated  from  the  familiar 
constant  input  impedance  of  an  r-f 
amplifier.  Measurements  of  input- 
resistance  were  made  when  R  =  oo, 
that  is,  when  the  grid  current  was 
negligible.  Fig.  7A  and  7B  indicate 
the  results  of  these  measurements 
by  the  horizontal  lines  marked 
R  =  ao.  These  lines  show  that  at  28 
megacycles  per  second  the  input 
resistance  of  the  switch  is  lower, 
throughout  most  of  the  switching 
cycle,  than  while  functioning  as  an 
r-f  amplifier.  At  60  megacycles  per 
second  the  input  resistance  is  lower 
or  higher  depending  upon  the  value 
of  the  feedback  resistor  R. 

The  prime  cause  for  low  input 
resistance  of  the  switch  is  the  fact 


that  when  either  tube  conducts  its 
grid  is  driven  slightly  positive  by 
the  voltages  of  multi  vibration,  re¬ 
sulting  in  grid-current  loss.  The 
loading  of  the  switch  is  thus  mostly 
that  of  one  conductive  tube,  as  com¬ 
pared  with  an  amplifier  with  two 
tubes  giving  equal  loading.  The 
absence  of  electron  flow  in  one  tube 
of  the  switch  permits  the  input  re¬ 
sistance  to  exceed  that  of  the  amp¬ 
lifier  under  certain  conditions 
already  shown.  When  the  loading 
produced  by  electron  transit  time 
becomes  high  at  high  frequencies, 
its  absence  in  one  of  the  switching 
tubes  has  a  greater  effect  on  the 
input  resistance  than  at  low’er  fre¬ 
quency  where  the  grid  current  load¬ 
ing  predominates. 

It  should  be  noted  that  when  the 
tubes  are  used  in  the  reference 
amplifier  they  are  operated  with 
small  grid  bias  and  at  a  plate  cur¬ 
rent  slightly  above  rated  value. 
These  conditions  of  operation  are 
comparable  to  those  in  the  switch 
but  result  in  lower  values  of  input 
resistance  than  those  realized  in 
normally  biased ‘amplifiers. 

Since  the  measurements  of  input 
impedance  have  been  made  on  a 
balanced  circuit,  the  condition  of 
balance  was  investigated.  This  was 
done  by  observing  the  oscillograms 
produced  when  the  outputs  1  and  2 
of  the  switch  were  connected  in 
parallel.  Fig.  8  demonstrates  circuit 
performance. 
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PIG.  8 — SuccaaaiTO  radlo-fraqneocy  an- 
relopos  produced  by  the  awitch  lor  par- 
oUel  output  connection  at  60  me  when  R 
is  100,000  ohnu.  At  (A)  the  switch  is 
connected  to  a  low-impedance  source;  at 
(B)  to  a  3,000-ohm  source 
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Transit- Angle 


Control  of  phase  of  uhf  field  near  slotted  carbonized  copper  anode  is  new  method  of 
suppressing  secondary  emission  at  micro  wavelengths,  offering  high  power-output  effi¬ 
ciency  for  microwave  tubes  now  using  inductive  output,  as  well  as  transverse  control  tubes 


IN  tubes  designed  to  operate  at  electrons.  Since  secondary  electron 
microwavelengths,  such  as  klys-  emission  occurs  moat  strongly  in 
trons,  secondary  emission  from  the  the  direction  from  which  the  pri- 
anode  or  equivalent  electrode  is  mary  electrons  arrive,  this  device 
undesirable  because  it  reduces  is  not  successful, 
power-output  efficiency.  Secondary 
electrons  emitted  from  the  anode 
may  remain  in  the  radio-frequency 
field  for  appreciable  fractions  of  a 
period  and  complicate  the  energy 
relations. 

The  problem  of  secondary  emis¬ 
sion  is  sometimes  avoided  alto¬ 
gether  in  Tnicrowave  tubes  such  as 
the  klystron  or  RCA  825  by  causing 
the  electron  beam  to  pass  through 
apertures  in  the  two  output  elec¬ 
trodes  across  which  the  output  cir¬ 
cuit  is  connected.  This  scheme  is 
often  referred  to  as  inductive  out¬ 
put  and  is  illustrated  in  Fig.  lA, 
where  the  output  circuit  (which 
at  these  wavelengths  is  usually  a 
resonant  cavity)  is  connected  as 
shown.  When  the  electron  beam 
has  passed  through  the  apertures 
It  IS  usually  collected  in  a  cup 
electrode  which  may  be  maintained 
at  a  comparatively  low  potential. 

The  method  has  mechanical  and 
electrical  disadvantages,  but  is 
used  effectively  in  many  tubes. 

Inductive  output  is  not  readily 
adaptable  to  microwave  tubes  in 
which  a  beam  of  electrons  is  trans¬ 
versely  deflected  alternately  onto 
two  push-pull  output  systems  or 
anodes.  It  is  difficult  to  arrange 
the  necessary  electron  beam  fo¬ 
cussing  and  deflecting  arrange¬ 
ments  so  that  the  beam  is  deflected 
between  two  such  output  systems 
withouj  striking  an  electrode  in 
the  process  and  so  causing  the 
undesirable  effects  of  unsuppressed 
secondary  electrons  to  occur. 

Another  attempt  to  minimize 
effects  of  secondary  electrons, 
shown  in  Fig.  IB,  involves  adding 
to  the  anode  of  a  tetrode  an  array  of 
slots  intended  to  trap  the  secondary 


interchangeable  target  or  anode. 
A*  resonant  cavity  was  provided 
to  act  as  an  output  circuit  and 
was  tuned  to  the  wavelength  at 
which  the  beam  of  electrons  was 
modulated. 

The  r-f  power  transferred  from 
It  had  been  suspected  by  the  the  modulated  beam  of  electrons 
author  for  some  years  that  if  the  to  the.  resonant  cavity  was  meas- 
transit  angle  between  an  accelerat-  ured  by  recording  the  readings 
ing  electrode  and  an  anode  ex-  Er,^  of  the  diode  and  multiplying 
ceeded  a  more  or  less  critical  value,  them  by  fc„  a  constant  computed 
then  secondary  electrons  emitted  from  the  geometrical  dimensions  of 
from  the  anode  would  experience  the  cavity,  its  losses  due  to  skin  ef- 
an  ultrahigh-frequency  field  of 
such  phase  and  magnitude  that 
they  would  be  driven  back  to  the 
anode  and  suppressed.  The  ap¬ 
paratus  illustrated  in  Fig.  2  was 
used  in  a  program  of  research  on 
this  subject. 

A  modulated  beam  of  electrons 
was  passed  through  an  aperture 
in  a  plate  called  the  subanode, 
corresponding  to  the  screen  grid 
of  a  tetrode.  This  modulated 
electron  beam  then  travelled  for  a 
distance  d  to  the  surface  of  an 
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FIG.  1 — InductiTe  output  aToids  oi- 
focts  of  aocondory  emiMion.  Slotted 
anode  alone  is  unsatisfactory 
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FIG.  2 — ^Experimental  setup  used  to  demonstrate  how  power-output  efficiency  con  be 
made  nearly  equal  to  theoretical  maximum  at  microworelengths  by  controlling  tremsit 
angle,  which  essentially  is  ratio  of  tremsit  time  to  time  of  one  cycle  of  oscillation 
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Suppression 
in  Microwave  Tubes 


feet,  and  a  measurement  of  the  peak 
a-c  component  of  the  electron  beam 
current.  The  d-c  power  input  P*  to 
the  subanode  and  target  was' also 
measured.  The  power  output  effi¬ 
ciency  71,  was  then  evaluated  from 
71.  =  E„,*  kJP^  (1) 
The  transit  angle  <f>  in  radians 
is  equal  to  2n  times  the  ratio  be¬ 
tween  the  time  taken  for  the  elec¬ 
trons  to  travel  across  the  distance 
d  and  the  periodic  time  of  each 
oscillation  of  the  resonant  cavity. 
The  periodic  time  in  seconds  is 


FIG.  3 — Static  characteristic  of  micro- 
wore  tube  using  transit  angle  suppres¬ 
sion  oi  secondary  emission  Irom  anode 


equal  to  X/e  where  c  is  3x10“  cm 
per  sec.  The  velocity  in  cm  per 
sec  of  the  electron  beam  through 
the  slot  in  the  subanode  is  ap¬ 
proximately  equal  to  S.ObxlO’V**, 
where  F*  is  the  target  and  subanode 
voltage.  The  complete  expression 
for  the  transit  angle  <t>  in  radians 
then  is 


10*  d 


(2) 


X  Vti  " 

At  long  wavelengths  the  electrons 
travel  across  any  practical  dis¬ 
tance  (such  as  d)  in  a  vacuum  tube 
in  such  a  short  time  (compared 
with  the  operating  periodic  time) 
that  <f>  is  almost  zero.  The  larger 
the  value  of  <f>,  the  more  complex 
the  electron  energy  relations  in 
the  system  become.  At  microwave¬ 
lengths,  however,  <f>  is  appreciable, 
and  may  be  so  great  that  the  volt- 
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age  along  the  distance  d  in  Fig.  2 
may  reverse  completely  during  the 
time  an  electron  takes  to  travel 
from  the  subanode  to  the  target. 

Quantitative  tests  were  carried 
out  on  wavelengths  of  the  order  of 
40  centimeters.  It  would  appear 
that  the  conclusions  apply  dowm 
to  at  least  the  shortest  microwave¬ 
lengths  currently  used.  A  number 
of  alternative  configurations  of 
targets  were  used. 

The  target  voltage-target  cur¬ 
rent  characteristic  of  the  apparatus 
shown  in  Fig.  2  is  plotted  in  Fig.  3. 
Because  the  apparatus  is  similar 
to  a  tetrode,  the  target  current 
fell  sharply  when  the  target  volt¬ 
age  dropped  below  the  subanode 
voltage. 

As  in  an  ordinary  tetrode,  when 
the  d-c  target  voltage  is  equal  to 
the  d-c  subanode  voltage,  no  ap¬ 
preciable  power-output  efficiency  is 
obtained  at  low  frequencies  where 
the  transit  angle  <f>  tends  to  be 
zero. 

The  apparatus  of  Fig.  2  may  be 
operated  over  a  wide  range  of 
transit  angles  by  varying  d  and/or 
V*.  In  practice,  the  engineering 
limitations  of  focussing  the  beam 
of  electrons  limits  the  practical 
variation  of  d.  In  most  of  the  tests, 
V»  was  maintained  at  2,500  volts. 
The  d-c  target  current  did  not  ex¬ 
ceed  the  order  of  50  ma.  Space 
charge  retarding  potentials,  which 
are  due  to  the  presence  of  the 
electrons  themselves  in  the  beam, 
were  therefore  negligible. 

The  results  of  the  experiments 
are  summarized  in  Fig.  4,  in  which 
power-output  efficiency  tj,  is  plotted 
as  a  function  of  transit  angle  <f>, 
with  the  target  voltage  equal  to 


the  subanode  voltage.  Three  differ¬ 
ent  kinds  of  target  configuration 
were  tried. 

Theoretical  curve  1  was  com¬ 
puted  on  the  assumption*  that  no 
secondary  electrons  were  present 
and  for  sinusoidal  lOO-percent 
modulation  of  the  electron  beam. 
At  low  transit  angles  the  theoret¬ 
ical  maximum  efficiency  tj,  has  the 
familiar  value  of  50  percent,  and 
falls  off  slowly  when  the  transit 
angle  exceeds  about  0.3::. 

The  measured  curve  for  a  plane 
polished  copper  target  has  a  neg¬ 
ligible  efficiency  until  the  transit 
angle  exceeds  about  0.3n,  and  has 
an  optimum  at  about  0.5ic.  The 
maximum  efficiency  at  this  opti¬ 
mum  is  only  about  28  percent. 

Polished  copper  targets  varied 
from  time  to  time  in  the  degree 
of  suppression  obtained.  This  was 
due  apparently  to  variations  of 
secondary  electron  performance 
with  contamination  of  the  surface. 
The  reason  why  the  effect  seems 
to  have  escaped  attention  in  the 
past  is  perhaps  because  the  almost 
inevitable  contamination  from  get¬ 
ters  or  cathode  coatings  in  normal 
tubes  would  make  secondary  emis¬ 
sion  so  great  that  any  suppression 
effect  would  be  inappreciable. 

A  plane  copper  target,  if  rough¬ 
ened  and  carbonized,  was  reliable 
and  gave  a  slightly  improved  max¬ 
imum  efficiency.  A  slotted  and 
carbonized  copper  target  gave 
stable  performance  which  was 
only  a  little  short  of  the  theoretical 
maximum  efficiency  at  transit 
angles  of  about  0.3::. 

The  slotted  and  carbonized  type 
of  target  therefore  constitutes  a 
useful  engineering  embodiment  of 
the  needed  new  solution  to  the 
problem  o±  secondary  radiation  on 
microwavelengths.  Considerable 
variation  in  the  slots  is  permissible. 
In  Fig.  2  the  slots  are  backed  by 
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six  diflferent  transit  angles,  vary¬ 
ing  from  <l>  =  ic/6  to  <^  =  it. 
The  shaded  half-periods  of  o>t  in 
Fig.  2  are  those  half-periods  when 
the  electric  field  is  directed  towards 
the  target  and  when,  in  accordance 
with  the  simplifying  assumptions 
above,  secondary  electrons  are 
driven  back  to  the  target  and  sup¬ 
pressed.  During  the  unshaded 
half-periods,  the  electric  field  is 
directed  away  from  the  target  and 
the  secondary  electrons  are  then 
assumed  not  to  be  suppressed. 

As  the  transit  angle  <f>  is  in¬ 
creased,  the  primary  electron  cur¬ 
rent  wave  (full  lines)  at  the  plane 
of  the  target  is  severely  distorted 
from  the  sinusoidal  shape  of  the 
entrance  wave  (dotted  lines).  A 
sharp  peak  appears  in  the  full¬ 
line  cifrves  when  the  transit  angle 
exceeds  about  it/S. 

According  to  the  simplifying 
assumptions,  then,  the  efficiency 
of  transfer  of  power  from  the 
beam  of  primary  electrons  to  the 
field  of  the  resonant  cavity  will 
be  reduced  in  the  proportion  of 
the  area  of  the  full-line  wave  in  the 
unshaded  half-period  to  the  total 
area  of  each  wave.  On  this  basis 
power-output  efficiency  iri,  was 
plotted  against  transit  angle  <f>  to 
obtain  curve  2  of  Fig.  4. 

The  stable  results  and  high  effi¬ 
ciency  of  the  slotted  target  appear 
to  be  explainable  by  the  fact  that 
most  of  the  primary  electrons 
strike  this  target  at  the  bottom 
of  the  slots.  Most  of  the  secondary 
electrons  are  emitted  straight  back 
along  the  path  of  the  primary 
electrons  and  will  therefore  be 
driven  back  to  the  target  and  sup¬ 
pressed  by  the  electric  field  which 
is  in  the  same  direction.  The 
lesser  but  appreciable  number  of 
secondaries  which  are  emitted  side¬ 
ways  and  which  cannot  be  harm¬ 
lessly  reversed  in  direction  by  the 
electric  field  because  it  has  no  side¬ 
ways  component  are  caught  by  the 
sides  of  the  slots. 

The  program  of  research  de¬ 
scribed  in  this  paper  was  carried 
out  in  the  Electronics  Department 
of  Rediffusion  Limited,  London. 


a  fiat  surface,  but  if  desired  the 
electrons  may  travel  right  through 
the  target  and  be  caught  in  a  low- 
potential  cup,  much  as  in  Fig.  lA. 

All  the  measured  curves  exhibit 
an  instable  part,  but  not  over  the 
range  of  practical  interest. 

When  the  transit  angle  is  to  the 
right  of  the  knee  of  the  measured 
curves  in  Fig.  4,  secondary  electron 
emission  is  suppressed  not  only 
when  the  d-c  target  voltage  is  equal 
to  the  d-c  subanode  voltage  (which 
is  the  condition  in  which  Fig.  4 
was  plotted),  but  also  when  the 
d-c  target  voltage  is  less  than  that 
of  the* subanode.  In  the. case  of 
the  apparatus  illustrated  in  Fig.  2, 
this  was  the  case  from  zero  target 
voltage  upwards. 
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FIG.  4 — Theoraticxil  emd  actual  purfonn- 
anc*  curTM  for  tubos  using  transit  angle 
suppression 


Applicafioas 

It  is  convenient  to  refer  to  the 
new  phenomenon  by  the  name 
transit  angle  suppression.  It  can 
be  used  .for  all  the  purposes  for 
which  inductive  output  is  at  pres¬ 
ent  employed,  and  results  in  ap¬ 
preciable  mechanical  simplification. 
In  addition,  it  appears  to  be  the 
only  method  of  solving  the  sec¬ 
ondary  radiation  suppression  prob¬ 
lem  at  microwaves  in  transverse 
control  tubes. 

Modulation  of  the  beam  of  elec¬ 
trons  in  Fig.  2  was  performed  by 
transverse  control,  which  has  cer¬ 
tain  advantages  over  velocity  modu¬ 
lation.  Beam  modulation  by  trans¬ 
verse  control  may  be  made  as  good 
as  95  percent,  whereas  that  due 
to  velocity  modulation  (bunching 
and  catching)  cannot  be  as  good, 
because  of  the  proximity  effects 
of  electrons.  The  power-output 
efficiencies  of  transverse  control 
tubes  can  therefore  approach  the 
theoretical  maximum  much  more 
closely  than  is  the  case  with 
velocity-modulated  tubes. 

In  the  course  of  the  research, 
in  addition  to  computing  the  en¬ 
ergy  relations  between  two  output 
electrodes  (the  subanode  and  tar¬ 
get  shown  in  Fig.  2)  when  no 
secondary  electrons  are  produced 
(theoretical  curve  1  in  Fig.  4),  a 
computation  was  made  which  as¬ 
sumed  that  secondary  electrons 
were  emitted  from  the  target.  Con¬ 
trary  to  the  actual  properties  of 
secondary  electron  radiation,  it 
was  assumed  that  the  secondary 
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(SECONDARY  ELEC- 
/TRONS  SUPPRESSEQ) 


SUBANOOe 

CURRENT 


CURRENT 


FIG.  5 — Theory  of  secondary  electron  eup- 
pression  by  control  of  troneit  angle 


electrons  were  all  emitted  instanta¬ 
neously  with  zero  velocity  in  the  di¬ 
rection  from  which  the  primary 
electrons  travel.  An  attempt  has 
been  made  in  Fig.  5  to  represent 
the  theory  of  transit  angle  suppres¬ 
sion  which  resulted  from  this  analy¬ 
sis. 

In  Fig.  5,  the  dotted  lines  repre¬ 
sent  plots  of  the  primary  elec¬ 
trons  that  pass  through  the  slot 
in  the  subanode  in  Fig.  ‘  2  as  a 
function  of  angular  velocity  tof. 
The  full-line  curves  represent  the 
number  of  primary  electrons  which 
arrive  at  the  target  after  travelling 
across  the  distance  d  and  are  also 
plotted  as  a  function  of  angular 
velocity  wt.  These  curves  are  for 
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MINIATUREI^ 
TUBE  SHIELD 

and 

MOUNTING  BASE 


M  12322 


20  K  12323 


53  C  12136 


#  Shield  fits  over  and  outside  of 
retaining  spring — no  projecting 
fingers  —  retaining  indentation  on 
shield  locks  into  ridge  on  base.  A 
positive  lock!  Base  is  made  of  hard* 
ened  carbon  steel,  supplying  ade¬ 
quate  spring  retentivity  on  shield. 
The  opening  at  the  top  of  the  shield 
permits  speedy  heat  dissipation. 
Mounting  holes  coincide  with  those 
for  miniature  sockets  as  set  up  by 
RMA  specifications. 

The  Cinch  MiniatureTube  shield  and 
Mounting  Base  is  a  postwar  develop¬ 
ment  designed  for  commercial  use. 
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Compact  Design.. 
Unlimited  Circuits 


...plus  terminals 
that  really  stay  put! 


THEY’RE  small,  they’re  flexible,  they’re  ruggedly 
designed.  That’s  the  story  of  the  RS  50  and  RS  60 — 
two  Mallory  switches  especially  designed  for  radio  receiver 
applications  where  low  torque  indexing  is  required. 

An  outstanding  feature  of  these  switches  is  the  two-point 
stapling  which  assures  that  terminals  won’t  work  loose. 
The  terminals  themselves  are  made  of  heavy  spring  brass 
for  strength,  silver  plated,  formed  for  flexibility,  insuring 
low  contact  resistance. 

Many  other  features  are  notable  too:  the  improved  low-loss 
phenolic  in  stator  and  rotor  . . .  the  star  wheel  ball  index¬ 
ing  with  30®  between  positions  . . .  silver-to-silver  double 
wiping  contacts  . . .  where  desired  the  exclusive  Mallory 
silver-indium  treatment  may  be  applied  to  rotor  segments 
permitting  higher  contact  pressure  with  lower,  smooth 
operating  torque  and  a  minimum  of  contact  resistance  with 
extremely  low  noise  level  and  long  life. 

The  RS  50  is  made  with  from  2  to  10  positions — the  RS  60 
with  from  2  to  5.  For  more  details,  write  for  engineering 
data  folder. 


Auk  for  RS  SpeoiGration  Sheets 

Printed  on  thin  paper  to  permit  blueprintinR.  three  sectifMul 
drawinite  indicate  etandard  and  optional  dimensione— make 
it  eaey  for  you  to  epecify  Malhary  RS  awitchee  built  to  mieet 
your  circuit  rrquiremrnta.  Aek  your  neareet  Malkicy  Field 
Reprceentative  or  write  direct  for  a  supply. 
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Cathode 

Follower 


By  MELVIN  B.  KLINE 

Senior  JHectronio  Engineer,  Reaearvh  and  Development  Difieion 
AUen  B,  Du  Mont  Laboratoriea,  Inc.,  Paaaaic,  N,  J 


NOMOGRAPH 
for  PENTODES 


Gain,  transconductance,  and  cathode  load  resistance  are 
related  in  this  second  of  a  series  of  three  nomographs 


g,f,  IN  MICROMHOS 


500,000- 

400,000- 


WHEN  USING  PENTODES  as 
cathode  followers,  it  is 
generally  easier  to  work  with 
transconductance  than  with  am¬ 
plification  factor  in  computing 
gain  and  output  impedance.  The 
gain  A  of  a  cathode  follower  is 

A  ^ 

Ei  r,  +  R,{^  +  l) 

where  p.  is  the  amplification  fac¬ 
tor  of  the  tube,  r,  is  the  tube 
plate  resistance,  and  Rk  is  the 
cathode  resistor  value.  Dividing 
both  numerator  and  denominator 
of  this  equation  by  r,  and  sub¬ 
stituting  =  n/r„  the  equation 
for  gain  becomes 

A  m: _ 9nRk  /ov 

I +gjik  +  (Rk/r,) 

Since  most  pentodes  are  char¬ 
acterized  by  a  relatively  large 
plate  resistance,  and  since  within 
the  normal  range  of  cathode  re¬ 
sistance  Rt<<r„  this  equation 
may  be  simplied  to 

A  nomograph  for  this  equation  is 
given.  While  it  assumes  R^  to  be 
much  smaller  than  r„,  actually 
little  error  is  made  in  using  Eq. 
3  instead  of  Eq.  2  even  when  R^ 
is  as  large  as  r,.  Also,  little  error 
is  made  even  up  to  several  me 
despite  neglect  of  effects  of  shunt 
capacitances  across 

The  cathode-follower  nomo¬ 
graph  in  a  preceding  issue  re¬ 
lated  gain,  amplification  factor, 
and  the  ratio  of  cathode  load  re¬ 
sistance  to  tube  plate  resistance. 
The  final  nomograph  relates  out¬ 
put  impedance,  transconduct¬ 
ance,  and  cathode  load  resistance. 
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GUARDIAN'S 


ACCUMULATOR 


WITH  A  MeMaHY 


SERIES  M-AS 
STEPPING  RELAY 


by  GUARDIAN 


SERIES  S.300 
^^'PULSING  RELAY 
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Almost  human  — Tho  Guardian  accumulator  is  a  device  that  total  of  three.  If  the  third  pulse  represents  a  value  of  "flvo'% 

employs  Guardian  Pulsing  Relays  and  a  Guardian  Stepper  for  then  the  five  impulses  are  added  to  the  three  already  rogis- 

storago  and  release  of  impulses.  It  is  capable  of  receiving  elec-  tered,  making  a  total  of  eight.  The  assembly  will  control  the 

trical  pulses  from  a  number  of  remote  stations  and  storing  them  operation  of  a  machine  in  proportion  to  the  total  number  of  im- 

until  each  stertion  completes  its  cycle  or  function.  It  can  register  pulses  established.  In  the  example  above,  the  machine  would 

pulsesof  various  numerical  values;  for  example,  if  three  pulses  be  energized  for  eight  cycles  .  .  .  one  cycle  for  each  impulse 

ore  received  within  the  accumulator  and  the  first  pulse  repre-  established.  Unit  suggests  many  industrial  applications 

tents  a  numerical  value  of  "one",  then  one  impulse  is  registered  for  Guardian  Pulsing  Relays  and  Guardian  Steppers.  For 

on  the  Stepping  relay.  If  the  second  pulse  has  a  value  of  "two",  further  information  and  a  new  cost-free  Guardian  Relay 

then  two  impulses  are  added  to  the  previous  impulse,  making  a  Catalog,  write 

162S-GW.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 


TUBES  AT  WORK 

Including  INDUSTRIAL  CONTROL 


Edited  by  VIN  ZELUFF 

Stcddliaed  IXC  Amplifier  with  High  SensitiTity - 138 

Electronic  Cooking  Goes  Commercicd .  140 

Subxninioture  Printed  Transmitters  and  Receivers. .  160 

Localized  Heating  oi  Milk  Con  Necks .  172 

Frequency  Control  for  Low-Impedance  Oscillator 

Tanks  .  174 

Temperature  Controller .  178 


Stabilized  D-C  Amplifier  with  High  Sensitivity 
By  H.  S.  Ankis 

Department  of  Biochemietrp 
•  Univeroitp  of  Chicago 


This  amplifier  is  designed  to  meas¬ 
ure  very  small  currents  or  voltages 
from  a  high-impedance  source. 
Special  features  incorporated  are  a 
new  input  tube,  increased  linearity, 


ing  point,  the  plate  voltage  is  12 
volts,  the  screen  voltage  (grids  2 
and  4)  is  approximately  7.5  volts, 
and  the  control  grid  (grid  3)  is 
negatively  biased  to  2.5  volts.  Grids 


1  and  5  are  connected  to  the  cath¬ 
ode.  The  heater  current  is  reduced 
to  105  ma.  Under  these  conditions, 
the  grid  current  is  about  10  “  to 
10  “  amperes  and  the  amplification 
factor  is  between  200  and  300.  The 
tube  must*  be  well  shielded  fxum 
light  and  coated  to  prevent  surface 
leakage. 

Amplifier 

The  amplifier  circuit  shown  in 
Fig.  1  is  based  on  an  amplifier  de¬ 
scribed  by  Roberts^  Three  stages 
of  voltage  amplification  are  used, 
following  by  a  cathode  follower  as 
the  last  stage.  For  stability,  the 
tubes  are  heated  from  the  regulated 
power  source. 

The  sensitivity  is  changed  by  a 
Shallcross  No.  4765  switch  in  which 
the  bakelite  baseplate  has  been  re¬ 
placed  by  one  of  polystyrene.  Zero 
adjustment  is  made  by  means  of  Ri. 
The  meter  together  with  the  series 
resistor  R^  forms  a  1.0-volt  meter. 
A  100-pA  d’Arsonval  type  meter 
is  satisfactory  but  the  author  pre¬ 
fers  to  use  a  galvanometer  such  as 
Leeds  and  Northrup  No.  2420,  es¬ 
pecially  when  using  the  decade  to 
be  described,  because  the  galvanom¬ 
eter  can  withstand  a  substantial 
overload  without  being  damaged. 

For  more  accurate  readings,  a  dec¬ 
ade  may  be  inserted  into  the  power 
source  bleeder,  and  i?,  changed  to 
make  a  0.1-volt  meter.  The  decade 
replaces  part  of  R.  for  a  positive  or 
part  of  Rio  for  a  negative  input  such 
that  its  total' resistance  is  adjusted 
to  give  a  voltage  drop  of  one  volt. 


FIG.  1 — Input  ranges  are  determined  by  choosing  ralues  oi  A  from  10  to  100.000 
*  megohms.  Lettered  leads  correspond  to  those  shown  in  Fig.  2 


good  stability,  and  a  regulated 
power  source. 

The  input  tube  of  the  amplifier 
was  carefully  selected,  as  low  grid 
current  is  necessary  and  high  am¬ 
plification  desirable.  Of  many  tube 
tsrpes  tested,  the  miniature  tube 
12BE6  was  found  to  be  the  most 
suitable.  It  has  a  grid  current  only 
slightly  higher  than  that  of  special 
electrometer  tubes  and  at  the  same 
time  has  the  advantage  of  a  high 
amplification  factor  in  addition  to 
being  generally  available  and  much 
less  expensive.  Only  small  varia¬ 
tions  were  found  in  the  operating 
characteristics  of  the  several  tubes 
tested. 

At  the  most  satisfactory  operat- 


FIG.  2 — Stobiliiotion  ratio  groater  than  25,000  is  proTidod  by  this  power  supply 
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permitting  partial  backing  out  of  stabilize.  Final  adjustment  can  then  two  hours  of  operation.  Variation 

the  signal.  Each  step  of  the  decade  be  made.  If  the  instrument  is  to  be  in  line  voltage  of  10  percent  has  a 

corresponds  to  a  voltage  change  of  used  continually,  it  is  best  to  oper-  negligible  effect. 

0.1  volt.  Under  these  conditions,  ate  it  24  hours  a  day  as  there  tends 

the  galvanometer  will  be  on  scale  to  be  a  small  drift  during  the  first 

for  only  one  setting  of  the  decade 

for  any  input  current.  This  setting  •  ^ 

of  the  decade  is  the  first  digit  of  the  Electronic  Cooking  Goes  Commercial 

reading,  the  second  and  third  digits 
being  read  on  the  galvanometer. 

The  input  tube  is  washed  care¬ 
fully  with  absolute  alcohol  and 
dipped  into  polystyrene  lacquer.  It 
must  be  well  shielded  against  stray 
pick-up,  light,  and  protected  from 
sudden  temperature  changes.  It  is 
preferable  to  mount  the  input  tube 
inside  an  evacuated  vessel.  A  poly¬ 
styrene  tube  socket  is  used  for  it, 
and  all  input  leads  are  insulated  by 
means  of  polystyrene. 

Capacitor  C  is  used  to  quench  os¬ 
cillations.  Depending  on  the  lay¬ 
out,  it  may  be  necessary  to  change 
the  connections  and/or  size  of  this 
capacitor  to  suppress  oscillations. 

Power  Source 

All  supply  voltages  are  obtained 
from  the  regulated  source  shown 
in  Fig.  2  which  is  powered  from  the 
115-volt  a-c  line.  The  filaments  of 
the  regulator  tubes  in  the  source  as 
well  as  the  filaments  of  the  tubes  in 
the  amplifier  form  part  of  the 
bleeder. 

The  limiting  factors  of  the  stabi¬ 
lization  obtainable  are  the  temper¬ 
ature  variations  of  the  resistors 
and  of  the  characteristics  of  T,.  To 
minimize  these  effects,  the  resistors, 
particularly  those  in  the  bleeder, 
were  Advance  wire  wound.  If  it  is 
desirable  to  increase  the  stabiliza¬ 
tion  still  further  the  power  supply 
and  the  amplifier  would  have  to  be 
placed  in  a  constant  temperature 
chamber. 

The  stabilization  ratio  is  greater 
than  25,000.  If  slightly  reduced  per¬ 
formance  can  be  tolerated,  the  bat¬ 
tery  may  be  eliminated  and  the 
grid  of  r,  returned  to  the  midpoint 
of  a  100,000-ohm  resistor  connected 
across  The  stabilizer  current 
through  the  milliammeter  is  ad¬ 
justed  by  varying  Ru,  and  should 
be  set  to  operate  at  135  ma. 

After  preliminary  adjustment  of 
the  power  source,  it  and  the  ampli¬ 
fier  should  be  allowed  to  run  for  24 
hours.  During  this  baking  period 
the  tube  characteristics  will  largely 


(1)  S.  Roberts 
(1939). 


Development  of  the  magnetron  and 
horn  antenna  technique  for  cooking 
used  in  the  sandwich-type  Ra- 
darange  (Electronics,  p  178  N(t 
vember  1946)  has  resulted  in  a 
practical  design  of  a  model  having 
a  larger  oven  13  inches  wide,  14 
deep  and  15  inches  high.  A  number 
of  the  new  models  are  now  operat¬ 
ing  in  and  around  Boston. 

One  unit  is  installed  in  a  White 
Tower  restaurant,  one  of  a  chain 
that  specializes  in  hamburgers  and 
frankfurters.  With  Raytheon  Ra- 
darange  electronic  cooking,  a  raw 
hamburger  with  onion  on  a  roll  is 
cooked  in  20  seconds  as  compared 
with  seven  minutes  on  a  conven¬ 
tional  grill.  A  frankfurter  in  bun 
takes  ten  seconds  and  four  of  them 
cook  in  35  seconds,  instead  of  five 
minutes  by  conventional  cooking. 

.  Another  advantage  of  electronic 
cooking  is  that,  for  take-out  service, 
hamburgers  and  frankfurters  can 
be  wrapped  and  placed  in  buns  and 
then  cooked  in  the  bag.  As  a  result 
of  its  experiments,  the  White  Tower 


management  is  considering  enlarg¬ 
ing  its  menu  of  foods.  It  has  found 
that  in  three  seconds  an  apple  turn¬ 
over  can  be  thoroughly  heated  and 
then  topped  with  ice  cream.  Study 
ts  being  made  of  frozen  foods  with 
the  idea  of  serving  complete  meals 
which  can  be  cooked  in  less  than  a 
minute. 

Special  dishes  are  now  served 
through  a  Radarange  at  a  United 
Farmers  restaurant.  These  include 
steak  .plate  dinners,  hot  pastrami, 
chop  suey,  macaroni,  spaghetti  and 
meat  balls,  stews,  and  omelets.  In 
the  baking  of  cakes,  muffins,  or  bis¬ 
cuits,  the  texture  of  the  finished 
product  is  found  to  be  far  lighter 
than  is  possible  in  any  other  method 
of  baking  due  to  the  rapidity  with 
which  the  heat  is  introduced  into 
the  dough  at  a  uniform  rate 
throughout. 

According  to  Charles  Paino,  exec¬ 
utive  of  United  Farmers,  “People 
in  general  much  prefer  the  elec¬ 
tronic  method  of  preparing  and 

(Continued  on  p  I  58) 


High-speed  electroaic  cooking  is  done  in  a  few  seconds  at  this  White  Tower 
restaurant  near  Boston 
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to  give  greater  Accuracy  and  Depend¬ 
ability  to  your  Products  and  Processes 
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MANUFACTURING  OPERATIONS 


When  you  take  advantage  of  the  unique 
electrical  characteristics  of  thermistors, 
you  can  use  simpler,  more  economical 
circuits  than  are  possible  with  conven¬ 
tional  components. 

Made  of  semi-conducting  metallic 
oxides,  the  resistance  of  these  thermis¬ 
tors  varies  inversely  with  temperature. 


As  their  temperature  rises,  their  resis¬ 
tance  decreases  —  as  their  temperature 
goes  down,  their  resistance  increases. 
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For  literature  giving  details  of  therm¬ 
istor  applications,  call  the  nearest  office 
of  the  Graybar  Electric  Company — or 
mail  the  coupon  below. 
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METER 


TYPE  /60-A 


NEW  INDUCTANCE  SCALE  ON  O-METER  CAPAOTOR  DIAL  NOW 
PERMITS  DIRECT  DETERMINATION  OF  EFFECTIVE  INDUCTANCE 
VALUES  BETWEEN  0.1  MICROHENRY  AND  100  MILLIHENRIES. 


The  160-A  Q-Meter  is  universally  recognized  as  a 
rapid  and  simple  means  for  measuring  effective 
inductance.  The  customary  method  of  measurement 
employed  by  engineers  is  to  resonate  the  coil  under 
test  at  a  known  frequency  using  a  known  capacitance, 
and  thus  obtain  the  effective  inductance  value  of  the 
coil  by  calculation.  The  use  of  the  new  L-C  dial,  as 
explained  below,  further  increases  the  spee^  and 
versatility  of  the  160-A  Q-Meter  by  eliminating  the 
necessity  for  inductance  calculations. 

Since  the  Q  capacitor  of  the  160-A  Q-Meter  has 
a  capacitance  range  of  somewhat  more  than  10:1,  it 
is  evident  that  inductance  values  over  a  10:1  range 
can  be  resonated  at  any  single  frequency.  It  is, 
therefore,  possible  to  include  on  the  Q  capacitor  dial 
a  single  decade  inductance  scale  reading  directly  in 
terms  of  effective  inductance  provided  that  the  proper 
measurement  frequency  is  selected.  The  new  L-C  dial 
is  based  on  this  principle. 


ENLARGED  VIEW  OF  NEW  L-C  DIAL  SHOWING  EFFECTIVE 
INDUCTANCE  SCALE.  REFERENCE  PLATE  MOUNTED 
DIRECTLY  BENEATH  VERNIER  CAPAQTOR  DIAL  SHOWS 
INDUCTANCE  TUNING  RANGE  OBTAINABLE  AT  INDI¬ 
CATED  SPOT  FREQUENaES. 

• 

An  inductance-frequency  reference  plate  has  been 
provided  on  the  front  panel  which  shows  the  proper 
frequency  to  which  the  RF  oscillator  should  be  set  in  order 
to  obtain  the  inductarKe  measurement  range  desired. 
Any  one  of  six  consecutive  inductance  tuning  ranges  may 
be  selected,  permitting  overall  inductance  measurements 
of  from  0.1  microhenry  to  100  nullihenries  to  be  made. 

For  those  160-A  Q-Meter  owners  who  wish  to  equip 
their  own  instruments  with  the  new  L-C  dial,  a  dial  con¬ 
version  kit.  Type  560-A,  is  available  which  contains 
complete  parts,  hardware,  and  instructions  for  installing 
this  dial  without  disturbing  the  calibration  of  the  160-A 
instrument. 


L-C  DIAL  CONVERSION  KIT  TYPE  S60-A 

This  conversion  kit  is  available  in  a 
unit  package,  complete  with  all 
items  required  to  install  the  L-C 
dialonyourpresent160-A  Q-Meter. 

Further  details  upon  request. 


Write  for  Catalog  "D” 
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Background  Noise 
Suppressor 

High-frequency  noise  is  bypassed 
in  the  absence  of  high-frequency 
signals  by,  a  reactance-tube  circuit; 
but  when  desired  high-frequency 
audio  signals  are  present,  a  dis¬ 
abling  network  renders  the  bypass¬ 
ing  circuit  inoperative.  The  sup¬ 
pressor  can  be  used  to  remove  rec¬ 
ord  surface  noise  and  noise  intro¬ 
duced  by  the  phonograph  pickup, 
^nder  such  conditions,  h-f  audible 
noise  is  constant  and  readily  deter¬ 
mined.  During  reproduction  of 
quiet  passages,  noise  is  objection¬ 
able  and  therefore  is  suppressed. 
However,  during  passages  when  h-f 
signals  of  appreciable  amplitude 
are  present,  noise  is  sufficiently  be¬ 
low  the  reproduction  level  to  be  un¬ 
objectionable.  A  two-tube  circuit 
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Concealed  Radio  Receivers . 
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Concealed  Radio  Receivers 


ated  from  a  6-v  a-c  bicycle  genera¬ 
tor  connected  across  the  6-v  side 
of  the  power  transformer,  the 
transformer  then  acting  to  step  up 
this  voltage  for  the  plate  supply. 
A  lamp  bulb  could  be  used  to  drop 
the  power-line  voltage  for  use  on 
the  heater,  in  one  case  the  receiver 
being  built  into  the  base  of  a  read¬ 
ing  light.  Either  acorn  tubes  or 
small  selenium  rectifiers  were  used 
in  power  supplies. 

Sets  were  variously  concealed  in 
candy  boxes,  books,  or  other  com¬ 
mon  household  articles.  In  one  in¬ 
stance,  to  send  a  receiver  to  a  pris¬ 
oner  of  war  at  a  German  camp,  the 
set  was  built  into  a  tin  of  vege¬ 
tables.  After  the  circuit  had  been 
assembled  it  was  weighted  to  bring 
the  total  weight  to  the  proper  value 
with  the  center  of  gravity  at  its 
normal  position.  The  inside  of  the 
tin  was  lined  so  it  would  produce 
the  normal  sound  if  tapped.  It  was 
safely  received  and  put  to  good  use 
at  the  camp. 


During  German  Occupation  radio 
receivers  were  confiscated.  Urgent 
need .  for  hearing  allied  news 
spurred  many  to'  build  receivers 
that  could  readily  be  concealed. 
Most  popular  circuit  was  the  refiex 
type  in  which  one  tube  serves  both 
as  r-f  and  audio  amplifier,  having 
two  different  inputs  and  outputs. 
Dual  ty^  tubes  were  preferred  in 
the  miniature  or  acorn  varieties. 
Restricted  space  necessitated  use  of 
trimmer  capacitors  for  tuning  thus 
limiting  reception  to  the  30,  40,  and 
50  meter  bands.  However  jamming 
oa  these  frequencies  forced  use  of 
fixed  tuned  receivers  on  1,500  me¬ 
ters. 

The  number  of  such  sets  that 
were  built  can  be  estimated  from 
the  fact  that  electrolytic  capacitors 
of  small  size  were  specially  devel¬ 
oped  for  power  supply  filters. 
Heater  current  was  obtained  by  a 
small  step-down  transformer  in 
which  case,  should  the  a-c  power  be 
interrupted,  the  set  could  be  oper- 


Raoctanc*  tab*  6807  bypass**  hlgb-lr*- 
qusncy  nois*.  Gating  tub*  68Q7  dlsaU** 
th*  shunting  action  of  th*  rooctonc*  tub* 
wh*n  h-f  signals  or*  pr*s*nt 


acts  to  suppress  background  noise 
during  such  quiet  passages,  but  to 
pass  desired  high  frequencies  if 
they  are  present  at  amplitudes 
above  the  noise  level.  The  circuit 
is  similarly  applicable  in  any  audio 
channel  in  which  the  noise  level  is 
constant. 

Disabling  Circuit 

In  the  accompanying  circuit  dia¬ 
gram,  a  crystal  phonograph  pickup 
delivers  a  signal  to  the  output.  A 
circuit  associated  with  the  6SG7 
provides  capacitive  reactance  be¬ 
tween  output  and  ground,  which, 
in  conjunction  with  series  resistor 
Ri,  acts  as  a  low-pass  filter.  The 
circuit  associated  with  the  6SQ7 
acts  to  gate  the  reactance  tube,  de- 


R*celT*r  was  asMinblod  in  baby's  powdor  dustor.  Powor  Un*  wen  comonflagod  by 
knitting  cmd  us*d  os  girdl*  on  mothor'*  droacing  gown.  Eorphon*  was  covored 
with  knitUng  cmd  hung  in  th*  cradl*  os  baby's  rottl*.  N**d  for  nows  rosultod 
in  onginoors  of  Philips  at  EindhoTon  producing  many  sots  through  porsonal  initiatiT* 
ior  us*  by  th*  Nothorlandors  during  Gorman  occupation 
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PWW  Resistors 


FRW,  Resistors 


Power  Resistors 


Delivery  Cycle 


Whatever  your  needs  in  power  resistors  there's  an*  ^ 
IRC  resistor  to  do  the  job  . . .  readily  available  fora 
immediate  delivery.  Four  types  of  power  wire  wounf 


Sor  voitag*  dropping  in  limilnd  spocn  eppSeoMont.  n«t 
pewnr  wir*  ¥ro«nds  of  Hghtwoiglit  construction.  Dosignod  far 
uarfkot  or  liarizontal  mounting  singly  or  in  stodo.  Mounting 
brodcott  sorvo  os  conductors  of  intomoi  hoot.  Rnod  odjustoblo 
and  nen«in^ucHva  typus  in  fuN  rang#  of  dxas  ond  ohmic  valuas. 


for  oxocting  hnovy-duty  opplcotions.  Tubuior  powor  wku 
wounds  of  axiromo  muchonical  strungth.  Avoilabla  In  two 
coatings  for  high  tnmporotura  or  high  humidity  condIHens. 
fteod,  odjustabio  and  non^nducttva  typos  In  fbS  rang#  ol 
dxoc,  ohmic  ueluos  and  torminols. 


for  oppScotions  whom  low  tamporotum  rtso,  speca  and  woight 
om  uHol  factors.  Bncosod  bi  spodol  phonolc  compound  for 
complsti  protocHon.  Uni<|uo  d^gn  of  mounting  brodiot  aids 
rapid  hoot  dissipation.  Mdtl  ssdion  foatura  pormltt  oxcop* 
Honol  hoxibility  for  uoltopa  dividing  applications 


Al  motol  construction  pormits  oparotlon  of  fuN  load  wNh  os 
MMa  os  25%  of  winding  In  oso,  wllh  only  tOght  incmosa  in 
tamporotum  risa.  Avobobla  in  25  ond  50  w*att  rotingt.  Typo 
bK>25i  diomatar  daplh  bahind  ponal  stondlwd 

rasistanca  voluas  1  to  5,000  ohms.  Typo  PR*50i  diomatar 
2*^",  dapth  bahind  ponal  stondord  rasistonca  vahiat 
0.5  to  10X>00  ohms  Qiighar  voluas  on  spodol  ordars). 


STANCE  COMPANY 


^wrRssiaors>^scblsm»lMvtottSCwsotlHon  Smhlorf  •lewWamio*Wii*We«iids*RlMo«lett*Comr«b»VoHiM««r  MsMpSsrs  •Vokoa*  0Mdsn*Hr  and  Moil  VoMagaRMbton 
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'  V  MW  Resistors 

1  1.  _ _ 

creasing  its  capacitance  to  ground  action  of  the  disabling  circuit  so 
in  the  presence  of  high  frequencies  as  to  adjust  the  h-f  shunting  effect 
to  the  left  of  Ri.  of  the  tube.  The  time  constant 

A  resistance-capacitance  divider  of  the  grid  biasing  circuit  is  rela- 
so  proportioned  that  it  passes  only  tively  short  so  that  disabling  bias 
high  frequencies  feeds  the  grid  of  can  be  rapidly  applied  and  as 
the  6SQ7.  Likewise  the  bypassing  quickly  removed, 
capacitor  for  the  self-biasing  cath-  Although  the  switching  action  is 
ode  resistor  of  the  6SQ7  is  proper-  so  fast  as  to  be  substantially  im- 
tioned  to  shunt  only  high  frequen-  perceptible  to  the  human  ear,  the 
cies  so  that  the  triode  is  degener-  control  action  is  relatively  slow 
ated  for  low  frequencies  but  compared  to  the  i)eriod  of  the  fre- 
aniplifies  high  frequencies.  Also  quencies  being  gated  so  that  there 
the  diode-section  anode  of  the  6SQ7  is  negligible  distortion, 
is  driven  from  the  triode-section  Coupling  resistance  i2,  between 
anode  through  a,  high-pass  resis-  the  disabling  circuit  and  the  re- 
tance-capacitanee  network.'  These  actance  circuit  serves  two  purposes, 
three  high-pass  R-C  networks  pass  It  is  made  sufficiently  small  so  that 
only  frequencies  above  approxi-  the  apparent  level  of  the  output 
mately  600  cps  to  the  rectifier.  from  the  complete  suppressor  cir- 

The  diode  section  of  the  6SQ7  cuit  is  not  appreciably  changed  as 
develops  a  direct-current  bias  that  the  reactance  tube  becomes  more 
disables  the  reactance  tube  in  the  or  less  capacitive.  In  addition, 
presence  of  high  frequencies.  To  with  Ci  acts  as  the  usual  tone 
delay  the  disabling  action  until  the  compensating  network  used  with 
h-f  amplitude  exceeds  the  noise  crystal  phonograph  pickups  to  re¬ 
level  (that  is,  until  wanted  signals  duce  the  midfrequencies  in  pro- 
are  present),  the  cathode  resistor  portion  to  the  reduction  of  low 
of  the  6SQ7  is  made  quite  large,  frequencies  provided  by  resistor 
the  exact  magnitude  depending  on  R^ 

the  noise  level  into  the  channel.  .Should  cathode  bias  be  neces- 
The  diode  charges  a  capacitor  in  sary  in  the  reactance  tube,  the 
the  grid  circuit  of  the  6SQ7  to  screen  bypass  capacitor  is  grounded 
provide  a  negative  biasing  poten-  instead  of  being  connected  to  the 
tial  that  reduces  the  tube’s  gain  cathode.  Furthermore,  the  cath- 
in  the  presence  of  frequencies  ode  bypass  capacitor  is  made  small 
above  about  600  cps  and  at  intensi-  as  that  at  low  frequencies  there 
ties  higher  than  the  noise  level  is  cathode  degeneration.  The  re- 

below  which  quieting  is  required  suit  is  that  the  impedance  of  the 

and  in  proportion  to  the  amplitude  reactance  tube  to  low  frequencies 
of  these  signals.  is  very  high  and  to  high  frequen- 

cies  is  quite  low  in  the  absence  of 

Electronic  Low-Pass  Filter 

a  disabling  bias  from  the  gating 
Resistance  R^  and  vacuum  tube  circuit.  Usual  precautions  of  h-f 

6SG7  constitute  a  low-pass  filter  circuits  should  be  observed  in  the 

of  variable  cut-off  frequency.  Ca-  layout  and  wiring  of  the  suppres- 
pacitor  Ci  is  a  coupling  capacitor,  sor.  (U.  S.  Patent  2,369,952 
and  C,  is  a  feedback  coupling  from  granted  Feb.  20,  1945  to  George  F. 
anode  to  grid  to  enhance  the  reac-  Devine,  assignor  to  General  Elec¬ 
tive  effect  of  the  6SG7  at  higher  trie  Co.) 
frequencies.  Furthermore,  the  ca¬ 
pacitor  between  screen  and  cathode 
is  small  so  that  at  low  frequencies  «  i 

the  gain  of  the  pentode  is  degen-  Consol  Circuit 

erated  by  its  screen,  but  at  high  Model  aircraft  and  boats  can  be 
frequencies  the  screen  is  held  at  remotely  controlled  by  radio.  A  cir- 
ground  potential,  permitting  nor-  cuit  suitable  for  such  applications 
mal  tube  gain.  The  capacitance  where  economy  of  space,  weight, 
(as  distinguished  from  capacitive  and  battery  drain  is  essential  is 
reactance)  of  the  tube  is  thus  a  shown  in  Fig.  1.  The  subminiature 
function  of  frequency.  RK61  thyratron  is  used  in  a  self- 

In  addition,  the  gain  of  the  quenching  superregenerative  detec- 
6SG7  is  controlled  by  the  gating  tor  to  operate  a  high  resistance  re- 


FIG.  1 — ^Rcmotoly  controlled  radio  drcnH 
nsoe  subminiaturo  tub* 


lay  upon  reception  of  a  radio  signal. 
Sufficient  series  plate  load  resist¬ 
ance  must  be  used  to  limit  the  anode 
current  to  less  than  two  milliam- 
peres;  greater  tube  life  will  be  ob¬ 
tained  at  lower  currents. 

In  the  circuit  either  a  46-v  bat¬ 
tery  or  raw  a-c  can  be  used  for  the 
plate  supply;  the  filament  requires 
1.4  V  at  50  ma.  In  the  absence  of  a 
radio  signal  the  circuit  is  oscillating 
at  audio  frequency.  When  the  r-f 
is  received,  a-f  oscillations  stop  with 
a  decrease  in  anode  current  from 
between  1.0  and  1.5  ma  to  between 
0.1  and  0.5  ma.  Average  anode  cur¬ 
rent  can  be  increased  by  increasing 
antenna  coupling,  decreasing  the 
L/C  of  the  tank  circuit,  or  both. 
Maximum  controllable  current  can 
be  increased  by  increasing  the 
anode  bypass  capacitance,  decreas¬ 
ing  the  grid-leak  resistance,  or 
both.  If  the  capacitance  of  the 
anode  bypass  capacitor  is  reduced 
and  the  relay  replaced  by  head¬ 
phones,  the  Raytheon  RK61  krypton 
and  xenon  filled  thyratron  will  op¬ 
erate  in  this  circuit  as  a  conven¬ 
tional  superregenerative  receiver 
with  an  anode  supply  as  low  as  30 
V.  It  is  not  recommended  for  use 
above  100  me. 


Federal  Technical  Services 

Technical  and  business  services 
are  provided  to  industry  by  several 
departments  of  our  federal  govern¬ 
ment.  In  particular  the  Department 
of  Commerce  promotes  domestic 
commerce,  manufacturing,  and  in¬ 
ternational  trade.  In  carrying  out 
its  activities,  the  department  per¬ 
forms  many  functions  of  interest  to 
electronic  engineers.  For  example, 
information  on  German  industrial 

(Continued  on  p  114) 
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Regulated  Power  Supplies 


MODEL  106-PA 

Characteristics: 

D.C.  Votfage  Range .  .  .  200-300 V.,  140  Ma. 

A.C.  Fil.  Power . (2)  6.3y.,  5  amps. 

Ripple  Content . 1/  10  of  1% 

A.C.  Input . 1 15V.,  50/60  cycles 

Size . 5"'x  19"  X  9"  deep 

Output  rumaim  constant  within  \%,  uvun  though  lino 
voltago  vorios  botwoon  95 — 130  vohs.  Price  $225 
(f.  o.  b.  Cambridge,  Moss.) 

MODEL  207-PA 

Characteristics: 

D.C.  Voltage  Range  . .  0-3500V.,  1  amp. 

positive  or  negative 
grounding 

A.C.  Input . 220V.,  50/60  cycles 

{Variac  Control) 

Overload  Relay . Adj.  0.6 —  I  amp. 

Size . 26'/g''x  32''x  36'deep 

Meters  on  front  ponel  indicate  Kne  voltage,  output 
voltage,  and  output  current. 

Ptower  supply  b  mounted  on  casters  for  portability 
Access  doors  provided  with  intertodi  safety  switches. 


MODEL  206-PA 

Characteristics: 

D.C.  Voltage  Range  .  .  500-700V.,  250  Ma. 

700- 1000V. , 200  Ma. 

Ripple  Content . *..05  of  1% 

A.C.  Input . 1 15V.,  50/60  cycles 

Size . 12y4"x19"x13"  deep 

Output  is  constant  from  no  lood  to  full  load  of  each 
range  within  1%. 

Interlodung  relay  protection  at  oil  voltages  insures 
safe  operation.  Time  delay  for  high  voltage  circuit 
opplicotiorM  prevents  tube  damage.  Price  $490 
(f.  o.  b.  Combridge,  Moss. )  , 

MODEL  306-PA 

Characteristics: 

D.C.  Voltage  Range  . .  300-7 50V.,  30  Ma. 

750- 1800V.,  30  Ma. 
1800-3600V.,30Ma. 

Ripple  Content . 300-750V.,  0.0  1% 

750-1800V.  iojqr 
1800-3600V.f  ^ 

A.C.  Input . 1 15V.,  50/ 60  cycles 

Size . 7Wxl9'x  13' deep 

Regulation  control  is  provided  for  adjustment  to  perfect 
load  regulation,  or  to  provide  over-reguldtidn,  if  desired. 

Safety  devices  are  incorporated  to  protect  operating 
personnel.  Meters  indicate  line  voltage,  output  voltage, 
and  output  current. 


For  Every  Purpose 


RVIY  ttMi 

9  CONCORD  AVSNUE  •  CAM^FPOE  38,  MASS 
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Marine  Radar  (4) 

DeMornay-Budd,  Inc.,  476  Grand 
Concourse,  New  York  61,  N.  Y.  In¬ 
tended  primarily  for  use  on  ocean 
freight  and  passenger  vessels,  the 
marine  radar  has  a  range  of  from 


NEW  PRODUCTS 


Edited  by  A*  A.  McKENZIE 


New  equipment,  components,  packaged  units, 
alUed  products;  new  tubes.  Catalogs  and  manu¬ 
facturers’  publications  reviewed. 


radio  operator  in  maintaining  a 
watch  on  the  600  kc  calling  fre¬ 
quency  while  he  is  busy  or  off  duty. 
An  ingenious  relay  system  that  can 
be  set  up  to  respond  to  assigned 
call  letters  or  any  other  number  or 
letter  code  is  common  to  all  equip¬ 
ments  and  can  be  reset  to  another 
combination  in  a  few  moments. 
Audible  and  visual  alarms  indicate 
the  reception  of  a  call. 


All-Band  Transmitter  (D 

Hammarlund  Mfx}.  Co.,  •  460  W. 
34th  St.,  New  York  1,  N.  Y.  The 
Four-20  transmitter  combined  with 
the  Four-11  modulator  constitute 
a  continuously  variable  single-con¬ 
trol  multiband  amateur  transmitter 
with  a  power  output  on  phone  or  c-w 


Portable  Storage  Cell  (3) 

The  Vitamite  Co.,  227  W.  64th  St., 
New  York,  N.  Y.  The  nonspill,  re¬ 
chargeable  battery  model  2A046  il¬ 
lustrated  weighs  one  ounce,  has  a 


100  yards  to  32  miles.  It  exceeds 
the  specifications  of  the  Coast 
Guard  for  class  A  equipment,  oper¬ 
ates  in  the  band  assigned  by  the 
Federal  Communications  Commis¬ 
sion  for  marine  navigation  (approx¬ 
imately  9,300  megacycles)  and  has 
a  peak  pulse  power  output  of  18 
kilowatts.  Microfilm  copies  of  geo¬ 
detic  charts  made  on  70-mm  color 
film  are  projected  on  a  screen  for 
comparison  with  indications  on  the 
12-in  radar  screen. 


of  about  20  watts.  The  ingenious 
tuning  system  allows  compact  con¬ 
struction  and  ease  of  operation.  The 
modulator  is  easily  modified  to  serve 
either  as  an  audio  amplifier  or 
driver  for  a  more  powerful  modu¬ 
lator. 


voltage  of  2.2  volts,  a  capacity  of 
460  milliampere-hours,  and  meas¬ 
ures  A  X  5  X  III  inches. 


Ships  Call  Alarm  (2) 

Brelco  Electronics  Corp.,  66  Van- 
dam  St.,  New  York  13,  N.  Y.  The 
Brelco-McGoffin  alarm  model  297 
is  primarily  designed  to  assist  the 


Standing-Wave  Meter  (5) 

M.  C.  Jones  Electronics  Co.,  96 

N.  Main  St.,  Bristol,  Conn.  The 
Micromatch  is  a  device  for  deter- 


Readers  desiring  further  details 
concerning  any  item  listed  in  the  New 
Products  department  can  obtain  the 
information  by  using  the  cards  fur¬ 
nished  as  a  stiff,  colored  insert  else¬ 
where  in  this  department. 

Place  the  number  (appearing  to 
the  right  of  the  headiAg)  of  one 
item  in  which  you  are  interested  in  a 
circle  and  then  fill  out  the  balance 
of  the  card  according  to  directions 
appearing  on  the  colored  sheet.  Un¬ 
numbered  items  listed  at  the  end 
should  be  procured  direct  from  the 
manufacturer  or  publisher  upon  pay¬ 
ment  of  the  fee  noted. 
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For  Precision  Measurements  in  the  Microwave  Field 


tested  and,  where  necessary,  cafibrated,  and 
each  piece  is  tagged  with  its  eiectrical  character* 
istics.  All  test  equipment  is  supplied  with  inner 
and  outer  surfaces  gold  plated  unless  otherwise 
specified. 

NOTi:  Write  for  complete  catalog  of 
De  MornoyBifdd  Standard  Components 
and  Standard  Bench  Test  Equipment.  Be 
sure  to  have  a  copy  In  your  reference 
files.  Write  for  It  today. 


The  complete  line  of  De  Mornay*Budd  standard 
test  equipment  covers  the  frequency  range  from 
4,000  mcs.  to  27,000  mcs.  It  provides  ail  R.  F. 
waveguide  units  necessary  for  delicate,  precision 
test  work  requiring  extremely  high  accuracy  in 
attenuation  measurements,  impedance  measure¬ 
ments,  impedance  matching,  calibration  of  di¬ 
rectional  couplers,  VSWR  frequency  measure¬ 
ments,  etc. 

To  eliminate  guesswork,  each  item  of  this 
De  Mornay*Budd  test  equipment  is  individually 
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Y  The  three  test  set 

-ups  illustrated  above  include: 

Ttfb«  Mount 

Tunobla  Dummy  Load 

Flap  AttMiuater 

Standing  Wava  Datado* 

Fraquoaqf  Mutar 

Typu 

“N”  Standing  Wava  Datoctar 

CoHbratwl  Attaawatof 

Diractianal  Couplar 

Taa 

Higlit  Rawar  Dummy  taad 

Stab  Taiwr 

Stand*,  ate. 

Cut-Off  Attanuertar 

mining  the  standing-wave  ratio  and 
the  r-f  power  in  the  transmission 
line  in  which  it  is  connected.  It  will 
operate  on  frequencies  between  3 
and  30  megacycles,  in  a  transmis¬ 
sion  line  with  a  surge  impedance 
.from  70  to  300  ohms  using  power 
from  10  to  1,000  watts. 


a  maximum  output  up  to  110- me 
provides  10  kw  output  from  a  push- 
pull  final  amplifier  stage.  The  re¬ 
quired  air  flow  for  cooling,  at  maxi¬ 
mum  output,  is  175  cfm.  The  maxi¬ 
mum  plate  dissipation  la  8,000 
watts,  filament  voltage  is  16  volts, 
and  filament  current  is  28.5  am¬ 
peres. 


brated  every  megacycle  can  be  ob¬ 
tained  using  a  new  generator  with 
an  attenuator  adjustable  from  20 
to  134  db  below  1  volt.  A  calibrated 
dial  drives  a  piston  attenuator. 
Gears  are  chosen  such  that  the  dial 
calibrations  are  1  db  apart.  Changes 
in  attenuation  have  negligible  effect 
upon  frequency  and  vice  versa. 


l^igh-Vacuum  Furnace  (6) 

Eitel-McCullough,  Inc.,  1570  San 
Mateo  Ave.,  San  Bruno,  Calif.  A 
new  type  of  high-vacuum  furnace 
is  capable  of  continuous  operation 
at  temperatures  in  the  region  of 
1,800  C.  Three  chambers  make  it 


Beam  Transmitting 
.Tetrode  (11) 

Sylvania  Electric  Products  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
A  new  beam  power  tetrode  type 
3D24  designed  for  amateur,  marine 
and  mobile  service  performs  satis- 


Impedance-Phase  Meter  (9) 

Technology  Instrument  Corp., 
1058  Main  St.,  Waltham,  Mass.  Im¬ 
pedance  and  phase  angle  measure¬ 
ments  over  the  frequency  range  of 
30  to  20,000  cycles  in  the  field  of 


factorily  at  frequencies  up  to  125 
megacycles.  Typical  operating  con¬ 
ditions  follow:  plate,  2,000  v;  con¬ 
trol  grid,  —300  v;  screen  grid,  375 
v;  plate  current,  90  ma;  full  driv¬ 
ing  power,  4  watts;  power  output, 
140  watts. 


possible  to  keep  material  in  various 
phases  of  the  treatment.  A  vac¬ 
uum  as  high  as  5  X  10"  millimeters 
of  mercury  is  quickly  attained.  Fur¬ 
nace  heating  is  accomplished  with 
large-diameter  tungsten  elements 
using  low  voltage. 


Coaxial  Switch 

General  Communication  Co.,  Bos- 
ton.  Mass.'  A  new  weatherproof  re¬ 
mote  control  microwave  switch  has 
electrical  and  electroacoustic  instru-  announced  for  antenna  switch- 

mentation  is  possible  with  the  type  , 

310-A  Z-Angle  Meter.  Balance  is 

accomplished  by  means  of  a  single  '  I  M 

dial  that  reads  directly  in  imped-  .  \  -  8 

ance  and  the  phase  angle  is  indi- 

cated  on  a  direct-reading  meter.  PiHBiil 


Damping  Material  (7) 

Cook  Laboratories,  139  Gordon 
Blvd.,  Floral  Park,  N.  Y.  Audiod  A 
is  a  long-life  synthetic  used  to 
compensate  the  mechanical  fre¬ 
quency  responses  of  devices  such  as 
cutting  heads,  pickups,  and  micro¬ 
phones.  It  is  easily  cut  or  shaped, 
and  is  now  available  in  &  or  ^ 
sheet  for  laminating  to  desired 
thickness. 


Power  Triode  for  F-M  (10)  1^mm 

Federal  Telephone  and  Radio  i  * 

Corp.,  Newark,  N.  J.  The  type  7C27  | 

power  triode  designed  for  f-m  serv-  w  . 

ice  in  the  88-  to  108-mc  band,  with  •  ,  ,  x  i  * 

’  ing  and  remote  control  instrumen- 

^ation.  It  haa^a  minimum  reflection 


High  Frequency  Signal 
Generator  (8) 

Harvey  Radio  Laboratories,  Inc., 
439  Concord  Ave.,  Cambridge  38, 
Mass.  A  c-w  signal  variable  over 
the  range  140  to  170  me  and  cali- 
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loss  3  db  at  3,000  megacycles,  power 
rating  100  watts  at  3,000  megacy> 
cles,  voltage  rating  500  volts  peak, 
and  crosstalk  60  db.  This  equips 
ment  is  distributed  through  Hast¬ 
ings  Sales  Engineering  Company, 
632  Commonwealth  Ave.,  Boston  15, 
Mass. 

Servomotors  (13) 

Fairchild  Camera  and  Instrument 
Corp.,  88-06  Van  Wyck  Blvd.,  Ja¬ 
maica  1,  N.  Y.  Two  servomotors  de¬ 
signed  for  thyratron  control  oper¬ 
ation  from  116-volt,  60-  or  400-cycle 
a-c  weigh  less  than  a  pound,  have  a 


72-to-l  gear  reduction  and  are  use¬ 
ful  in  follow-up  or  computing  sys¬ 
tems. 

Shielded  F-M  and 
Television  Line  (14) 

Anaconda  Wire  and  Cable  Co.,  25 
Broadway,  New  York  4,  N.  Y.  ATV 
150  Shielded  is  a  flat  oval  cable  con¬ 
sisting  of  twin  parallel  stranded 
bare  copper  conductors  (7-x  No. 
28),  polyethylene  insulation,  bare 
copper  braid,  and  Densheath  jacket 


overall.  This  design  permits  con¬ 
servation  of  both  insulation  and 
jacket  material,  thus  making  the 
cable  considerably  less  expensive 
than  the  standard  round  coaxial 
cable.  The  characteristic  impedance 
is  150  ohms. 

Miniature  Lug  (15) 

Cambridc£  Thermionic  Corp.,  445 
Concord  Ave.,  Cambridge,  Mass.  A 
new  terminal  lug  has  a  base  diam- 

ISO 


eter  of  A  inch  and  projects  an  equal  M  ^ 

distance  above  the  mounting  board.  .  ^  « 

The  standard  mounting  shank  is  tion  of  the  antenna  is  directly  indi- 

0.025  inch  long.  Fabricated  from  cated  on  the  meter.  Complete  cir- 

silver-plated  brass,  the  lug  is  ex-  cuit  and  other  information  is  con- 

pected  to  be  used  in  wiring  minia-  tained  in  Bulletin  128. 
ture  carbon  resistors  and  ceramic 

capacitors  in  small  units.  ___  ,  ,  _ _ 

lllummated  Meters  (18) 

Simpson  Electric  Co.,  Chicago,  Ill. 
(16)  A  new  line  of  illuminated  meters 
is  available  in  2-  and  3-inch  sizes 
with  either  rectangular  or  round 
cases.  Light  from  a  recessed  bulb 


Vacuum  Capacitor 

Amperex  Electronic  Corp.,  26 
Washington  St.,  Brooklyn,  N.  Y. 
A  new  vacuum  capacitor  VC-60 
rated  30,000  volts  maximum  peak 
voltage  and  having  a  capacitance  of 
50  micromicrofarads  ±  2  percent 
has  maximum  rms  current  ratings 


in  the  back  of  the  instrument  is 
carried  through  a  Lucite  cone  that 
entirely  surrounds  the  dial  face. 


Super  Grid-Dip  Meter  (H)) 

Measurements  Corp.,  Boonton, 
N.  J.  The  model  59  Megacycle  Me- 


of  65  amp  at  10  me  and  40  amp  at 
60  me,  based  on  a  maximum  glass- 
to-metal  seal  temperature  of  150  C. 
Internal  losses  are  largely  ohmic 
and  decrease  as  the  frequency  de¬ 
creases.  Maximum  overall  length  is 
6.6  in.,  and  the  diameter  is  2.5  in. 


Directiou-Iudicatiug 
Poteutiometer  (17) 

Ohmite  Mfg.  Co.,  4855  Flournoy 
St.,  Chicago  44,  Ill.  The  model  RB-2 
direction  indicating  potentiometer 
has  been  developed  for  use  with  a 
rotary-beam  antenna  element.  When 
connected  to  an  ordinary  0-1  milli- 
ampere  d-c  meter  with  a  specially 
marked  scale,  change  in  the  posi- 


(continu*d  on  p  204) 
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POST-FORMED  LAMINATES 
—Sheets  of  Textolite  lami¬ 
nated  plastics  ore  custom 
formed  into  simple  shapes 
by  this  very  inexpensive 
method. 
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MOLDED-LAMINATEO 
PARTS— Textolite  is  custom 
molded  directly  to  shape. 
Molded  laminated  products 
ore  among  the  strongest 
plastics  ports  produced. 


LOW-PRESSURE  MOLDED 
PARTS  —  Extremely  large 
and  irregular  Textolite 
shapes  are  custom  molded 
by  the  low-pressure  lami¬ 
nating  process. 


SHEETS,  TUBES,  AND  RODS 
—These  standard  shapes 
ore  available  in  thousands 
of  sixes.  Up-to-dote  manu¬ 
facturing  methods  facilHafe 
quick  deliveries. 


TEXTOLITE  LAMINATED  IS  SUPPLIED 
IN  FIVE  FORMS 


FABRICATED  PARTS— G.E. 
has  modern  fabricating 
equipment  to  machine  Tex- 
telite  laminated  plastics 
ports  to  your  own  specifi¬ 
cations. 


JUST  ONE  OF  THE  MANY 


G-E  Textolite  grade  No.  2029  was  developed  to 
meet  the  above  specifications.  But  it  is  just  one  of  the  many 
high-quality  grades  available — there  are  over  fifty,  and  like 
the  alloys  of  metals,  each  has  a  special  combination  of 
properties.  This  variety  of  grades  is  your  assurance  that  the 
one  specified  for  your  application  will  do  the  job.  For  to 
be  successful  in  any  application  a  laminated  plastics  must 
have  the  correct  pro']perties  .  .  .  with  Textolite  you  get  a 
choice. 

Then,  too,  G-E  Textolite  is  supplied  in  many  forms 
— sheets,  tubes,  and  rods;  fabricated  parts;  molded-lami- 
nated  parts;  low-pressure  molded  parts;  post-formed  lami¬ 
nates.  Again,  you  get  a  choice  . . .  another  essential  factor 
to  be  considered  if  the  laminated  plastics  assignment  is  to 
be  accomplished  in  the  best  and  most  economical  way. 
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Address . 


eating  instructions  and  detailed  in¬ 
formation  about  the  five  forms  of 
Textolite.  Fill  in  and  mail  the  coupon 
below  for  your  free  copy. 


PLASTICS  DIVISION  (AC-6),  CHEMICAL  DEPARTMENT 

GENERAL  ELECTRIC  COMPANY 

ONE  PLASTICS  AVE.,  PITTSFIELD,  MASS. 


Please  send  me  the  new  G-E  Textolite  laminated  plastics  bulletin. 


GET  THE  COMPLETE  STORY! 


Send  for  the  new  bulletin  G-E  TEX¬ 
TOLITE  LAMINATED  PLASTICS 
which  lists  grades,  properties,  fabri- 


. State. 


MORE  THAN  50  GRADES  OF  G-E  TEXTOLITE  LAMINATED  PLASTICS  ARE  AVAILABLE 
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with  the  IMPROVED  LAVOIE  C-200 

HARMONIC  FREQUENCY  GENERATOR 


Th«  Hormonic  Frecniency  Generator  has  been 
improved  lor  Irequency  standardization  ol  receivers 
and  Irequency  meters  up  to  and  beyond  2000  Meqa* 
cycles.  Also,  by  means  ol  a  beat  detector  built  into 
the  instrument  it  is  possible  to  stondordize  oscillators 
and  signal  generators  with  equal  lacility. 

Further  circuit  refinements  hove  produced  a  ire¬ 
quency  accuracy  ol  0.001%,  which  extends  Irom  100 
Megocycles  to  2000  Megacycles  in  either  10  Mega¬ 
cycle  or  40  Megacycle  steps. 

The  output  voltage  is  supplied  at  a  UG-58/U 
SO-ohm  connector  with  output  coupling  controls  to 
obtain  peak  perlormonce  lor  a  given  harmonic.  A 
milliommeter  is  incorporated  in  the  instnunent  to 
lacilitate  easy  adjustment  ol  the  output  controls.  The 
output  voltage  may  be  either  unmodulated  or  modu¬ 
late  with  400  cps  internal  oscillator.  The  generator 
provides  output  voltages  every  10  Megacycles  or 
every  40  Megacycles.  This  selection  is  made  by  a 


switch  on  the  Iront  pcmeL  The  harmonic  voltage  is 
in  the  order  ol  thousands  ol  microvolts  lor  each 
harmonic  with  a  value  ol  approximately  50,000  micro¬ 
volts  at  100  Moqacycles  and  1500  microvolts  at  1000 
Megacycles. 

Provision  is  made  lor  the  standardization  ol  signal 
generators  and  oscillators  by  the  incorporation  ol  a 
beat  irequency  detector  in  the  generator.  The  output 
or  this  beat  Irequency  detector  may  be  monitored, 
either  aurally  or  visually  with  a  ttming  eye  indicator. 

To  lacUitcde  harmonic  identification,  Irequency 
identifiers  can  be  supplied  lor  any  harmonic  Ire¬ 
quency  (multiple  ol  10  Megacycles)  between  100  and 
1000  Megacycles.  The  Identifier  is  adjusted  at  our 
lactory. 

This  instrument  is  supplied  with  accessories  needed 
lor  its  operation,  including  tubes.  5  Megacycle  crys¬ 
tal,  output  coupling  cable  and  instruction  book. 


RADIO  ENGINEERS  AND  MANUFACTURERS 
MORGANVILLE.  N.  ). 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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KEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

FCC  allocates  new  heating  frequencies ;  low- 
power  f-m  for  colleges;  telephone  recorders 
approved;  new  television  test  standards 

FCC  Makes  Allocations  for  Short-Distance  Communication 


allocation  of  166  additional  fre¬ 
quencies  for  short-distance  radio¬ 
telephone  services  in  the  152-162 
megracycle  portion  of  the  spectrum 
became  effective  May  15.  Although 
60  of  these  frequencies  had  been 
previously  allocated  to  the  railroads, 
these  are  now  finalised  by  the  Com¬ 
mission’s  action  and  are  not  likely 
to  be  further  changed.  This  should 
encourage  larger  investment  in 
railroad  radio  equipment  and  fur¬ 
ther  use  of  railroad  radio,  especially 
for  imprpving  safety  of  operation. 

Agencies  making  use  of  these  fre¬ 
quencies  include  state  police  and 
forestry  conservation  services,  state 
highway  maintenance  services,  ur¬ 
ban  transit  systems,  power  and  pet¬ 
roleum  utilities^  intercity  busses 
and  trucks,  am}  various  types  of 
vessels.  Satisfactory  equipment  for 
practical  everyday  use  operating 
on  these  frequencies  became  avail¬ 
able  in  recent  months.  A  full-sized 
antenna  here  need  be  no  longer 
than  18  inches,  a  distinct  advantage 


in  mobile  service.  Eventual  trans¬ 
fer  of  all  short-distance  marine 
communication  to  frequencies  in  the 
152-162  me  band  is  expected  to  re¬ 
lieve  the  severe  long-distance  inter¬ 
ference  usually  encountered  on  the 
lower  maritime  frequencies. 

Studies  are  still  in  progress  re¬ 
lating  to  more  permanent  alloca¬ 
tions  of  frequencies  to  systems  now 
operating  on  experimental  or  de¬ 
velopmental  authorizations,  such  as 
taxicab  radio  and  public  telephone 
service  to  automobiles,  boats,  and 
aircraft.  Any  increase  in  point- 
to-point  radio  station  facilities  op¬ 
erating  on  these  frequencies  to  pro¬ 
vide  short-distance  toll  telephone 
service  where  wire  lines  are  not 
available  is  discouraged  by  the  Com¬ 
mission.  While  a  few  present  in¬ 
stallations  of  this  type  will  be  per¬ 
mitted  to  continue  in  operation,  no 
new  facilities  will  be  authorized 
except  for  operation  on  much 
higher  frequencies,  commonly 
termed  microwaves. 


Science  Legislation 

Chances  for  passage  of  Natiohal 
Science  Foundation  legislation  in 
this  session  of  Congress  have 
greatly  improved  as  a  result  of  the 
compromise  bill  recently  reported 
out  of  the  Senate  Labor  and  Pub¬ 
lic  Welfare  Committee.  S.  526,  as 
amended,  contains  the  following 
provisions : 

It  would  set  up  a  National  Science 
Foundation  to  develop  a  national 
policy  for  basic  research,  with  no 
attempt  to  dictate  or  control  Fed¬ 
eral  research.  Basic  research  would 
be  made  available  to  all  persons  in 
a  position  to  utilize  it,  consistent 
with  national  security. 

The  Foundation  would  be  di¬ 
rected  by  a  board  of  24  members, 
appointed  by  the  President  and  con¬ 
firmed  by  the  Senate.  The  mem¬ 
bers,  composed  of  scientists,  edu¬ 
cators  and  men  of  public  affairs, 
would  be  chosen  from  all  areas  of 
the  country  and  would  be  on  call  by 
the  chairman  once  a  year,  or  more 
if  necessary.  The  terms  of  office 
would  be  staggered  so  that  after 
the  initial  establishment  of  the 
Foundation,  one  quarter  of  the 
members  would  be  appointed  every 
two  years. 

The  bill  provides  for  a  9-man 
executive  committee,  elected  from 
the  24-member  board  to  meet  at 
least  6  times  during  the  year  at  the 
call  of  the  chairman.  This  commit¬ 
tee  would  appoint  a  Director  and 


$25,000,000  ELECTRONICS  PARK  BEGINS  PRODUCTION  OF  TRANSMITTERS 


Production  of  radio  transmitters  is  now  under  way  in  the  large  building  in  the  foreground,  first  of  the  nine  units  of  General 
Electric's  mammoth  electronic  manufacturing  and  research  center  to  get  under  way.  Construction  status  early  in  March  is  shown 
in^  this  oir  riew  of  the  155«acre  troct  located  about  5  miles  north  of  Syracuse,  N.  Y. 
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AaMricm  Cofid«its«r  C«. 

4410  No.  Rovontwood  Avomio 
Chicago  40,  IIHnoi* 

Automatic  Radio  Mfg.  Co.,  bic. 

122  BrooMino  Avonuo 
Boston  1 5,  Mossochusotts 

Bolmont  Radio  Corporation 
3633  So.  Racino  Avonuo 
Chicago  9,  Illinois 

Con  Industrios  Inc. 

1269  AHontic  Avonuo 
Brooklyn  16,  N.  Y. 

Communication  Moosuromonto 
laboratory 

120  Groonwich  Stroot 
Now  York  6,  Now  York  ^ 

Colo  Instrumont  Co. 

1320  So.  Grand  Avonuo 
Los  Angolos  15,  CaHfomla 

Bodronic  Corporation  of  Amorfca 
3S3  Wost  4Bth  Stroot 
Now  York  19,  N.  Y. 

Boctro-Voico,  Inc. 

CarroU  A  Cocil  Stroots 
Buchanan,  Michigan 

Emorsen  Radio  A  fhonogroph  Corp> 
76  Ninth  Avonuo 
Now  York  11,N.  Y. 


Essox  Wiro  Corporation 
1601  Wall  Stroot 
R.  Wayno  6,  InAana 


Oonoral  Eloctric  Company 
Building  267,  1  Rivor  RockI 
Schonoctady  5,  Now  York 


Gonoral  Eloctronics  Inc. 
1819  Broadway 
Now  York  23,  N.  Y. 


Hammorlund  Mfg.  Company,  lnc« 
460  Wost  34th  Stroot 
Now  York  1,  Now  York 

Hoffman  Radio  Corporation 
3761  South  Hill  Stroot 
Los  Angolos  7,  Califomio 

Hytren  Radio  A  Eloctronics  Cerp. 
76  Lofoyotto  Stroot 
Solom,  Mossochusotts 


Johanns  A  Koogon  Inc. 

62  Roorl  Stroot 
Now  York  4,  N.  Y. 

E.  F.  Johnson  Company 
206  Socond  Avonuo,  S.  W. 
Wasoca,  Minnosoto 

Notional  Union  Radio  CerporaMon 
57  State  Stroot 
Nowork  2,  Now  Jorsoy 

V. 

Navigation  Instrumont  Co.,  Inc. 

F.  O.  Box  7001,  Hoights  Station 
Houston,  Toxas 

Nowork  Eloctric  Co.,  Inc. 

242  Wost  5Sth  Stroot 
Now  York  19,  Now  York 


Radio' Farts  Distributing  Company 
128  W.  OInoy  Rood 
Norfolk  10,  Virginia 


SmMi-Mookor  Enginooring  Company 
125  Barclay  Stroot 
Now  York  7,  N.  Y. 

Southom  Eloctronic  Company 
61 1  Boronno  Stroot 
Now  Orioans,  LowlsiofM 

Standard  Arcturus  Corporation 
99  Sussox  Avonuo 
Nowork  4,  Now  Jorsoy 

Sytvania  Eloctric  Products,  Inc. 
Emporium,  Fonnsylvonia 

Tochnical  Apparatus  Company 
165  Washington  Stroot 
Boston  8,  Mossochusotts 

Tobo  Doutschmann  Corporation 
863  Washington  Stroot 
Canton,  Mossochusotts 

Tobo  Doutschmann  Corporation 
6919  Son  Fomando  Rd. 

Olondalo,  Califomia 


Tung-Sol  Lamp  Works,  bic. 
95  Eighth  Avonuo 
Nowork  4,  Now  Jorsoy 


W  A  H  Aviation  Corporation 
Municipal  Airport 
Rochoster  3,  Now  Yorfl 
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confirm  his  appointment  of  a  Dep¬ 
uty  Director. 

The  Foundation  would  consist 
initially  of  five  divisions:  (1)  med¬ 
ical  research;  (2)  mathematical, 
physical,  and  engineering  sciences; 
(3)  biological  sciences;  (4)  Na¬ 
tional  Defense;  (6)  scientific  per¬ 
sonnel  and  education. 

Scholarships  and  graduate  fel¬ 
lowships  would  be  awarded  for  sci¬ 
entific  study  to  accredited  colleges 
and  universities,  both  American  and 
foreign.  The  Foundation  would 
utilize  appropriation^  for  research 
by  making  grants  to  qualified  or¬ 
ganizations,  agencies,  and  institu¬ 
tions  and  by  giving  aid  to  individu- 
uals  engaged  in  independent  re¬ 
search. 

The  patent  policy  provides  that 
the  interests  of  the  Government 
and  equities  of  individuals  be  pro¬ 
tected  by  operating  within  existing 
patent  practices  of  the  Government 
until  such  time  as  Congress  or  the 
President  revises  them.  This  pro¬ 
vision  would  permit  the  Founda¬ 
tion  to  take  into  consideration  each 
project  as  it  comes  up. 


stallation  of  a  nationwide  network  if  and  when  fully  implemented,  fol- 

of  Facsimile  Set  AN/TXC-IA  is  lowing  any  oral  argument  vehich 

completed.  Present  plans  call  for  may  be  held  and  following  this  sum- 

dividing  the  entire  United  States  mer’s  international  conferences, 

into  four  large  networks,  each  cov-  will  result  in  the  following  complete 

ering  approximately  1,000  square  family  of  frequencies  for  the  in¬ 
miles.  Weather  analysts  in  a  cen-  dustrial,  scientific,  medical  service: 

trally  located  station  will  prepare  ^  me  2  5  kc 

maps,  insert  them  into  the  trans-  la.ee  me  ±  7.s  ke 

mitter,  and  relay  copies  to  stations  40.98  me  ±  20  ke 

all  over  the  country.  The  system  2.450  Sc  ±  so  Sc 

will  provide  even  the  smallest  air-  loiioo  Sc  ±  100  Sc 

fields  of  the  network  with  the  serv-  1 8,000  me  ±  150  me 

ices  of  the  most  skilled  weather  .  The  wider  band  at  27.32  me  is 
forecasters  assigned  to  the  AAF.  effective  immediately,  however. 

Whereas  emissions  were  previously 
limited  to  the  band  27.186-27.465 
me,  such  emissions  may  now  extend 
to  the  limits  of  the  wider  band, 
27.160-27.480  me.  The  amateur 
band  that  formerly  shared  all  of 
this*  industrial,  scientific,  medical 
band  is  shifted  to  the  lower-fre¬ 
quency  end  of  the  new  band,  the 
new  limits  being  27.160-27.430  me. 


New  Heating  Frequencies 

To  PROVIDE  additional  frequencies 
needed  by  the  industrial,  scientific, 
medical  service,  the  FCC  proposed 
on  April  14  the  allocation  of  five 
additional  frequencies  throughout 
the  radio  spectrum  to  this  service. 

One  of  these,  in  the  vicinity  of  6 
me,  is  tentative,  and  a  specific  value 
will  be  assigned  after  the  forth¬ 
coming  Radio  Administration  Con¬ 
ference  of  the  International  Tele-  F-M  for  Colleges 

communications  Union.  This  fre-  ,,  ,,  j  ,  . 

, ,  ,  .  ,  ,  ,  ,  Use  of  the  modulate 

quency  would  be  intended  to  ac-  ,  ^  ^  -ai 

j  .  „  ....  ,  .  large  f-m  transmit! 

commodate  all  radiating  devices  ...  , 

,  .  .  .  ...  ,  power  station  for  ] 

used  in  this  service  which  cannot  ,  ..  .  ,  , 

Weather  reports  will  be  delivered  be  adequately  shielded  and  which  f  uca  lona 

to  Army  Air  Force  pilots  in  the  require  frequencies  below  me.  is  propose  y 

form  of  wire  photographs  when  in-  This  action  of  the  Commission,  ^ 


TELERAN  FLIGHT  SIMULATOR 


British  Radio  Exhibition 

Wartime  advances  in  British  radio 
and  electronic  technology  will  be 
highlighted  at  the  fifteenth  Na¬ 
tional  Radio  Exhibition,  organized 
by  the  British  Radio  Industry  Coun¬ 
cil,  which  will  be  held  at  London’s 
Olympia  exhibition  hall  from  Sep¬ 
tember  30  to  October  11  this  year. 

This  first  postwar  national  exhi¬ 
bition  will  show  latest  types  of 
broadcast  receiving  and  record-re¬ 
production  equipment  and  their 
components,  radio  and  television 

(coMinutd  on  p  244) 


Spaded  initallotion  of  Toloron  rocolTor  in  cockpit  of  flight  dmulcrtor  bringi  this  oir 
nenrigation  aid  to  the  eecond  of  three  major  etepe  in  ita  development  progreon  by  RCA. 
Final  step  is  actual  flight  test,  scheduled  to  start  in  Washington,  D.  C.  in  the  loll. 
The  system  utilises  television  and  radar  to  provide  the  pilot  with  an  aerial  roadmap 
combining  traffic,  route,  weather,  and  other  vital  information 
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SHAILCROSS 

resistoss 


Electrical  Measuring  Apparatus  •  Precision  Switches 
Electronic  Engineering 


TUIES  AT  WORK 

(continued  from  p  140) 

serving  food.  It  has  speeded  up  our 
operation  where  we  are  now  in  a 
position  to  handle  at  least  three 
times  the  number  of  customers  in 
the  same  amount  of  time,  thus  re¬ 
ducing  the  waiting  time  by  80  per¬ 
cent.  From  an  economic  standpoint, 
this  is  most  important  because  dur¬ 
ing  the  rush  hours  we  can  serve 
three  times  as  many  customers  as 
was  formerly  possible.” 

At  a  recent  Electronic  Evening 
sponsored  by  the  New  York  Rail¬ 
road  Club  in  New  York  City,  blue¬ 
prints  and  drawings  of  a  proposed 
electronic  dining  car  designed  by 
American  Car  and  Foundry  engi¬ 
neers  were  shown.  Instead  of  plac¬ 
ing  the  kitchen  (or  galley)  at  the 
end  of  the  car,  it  will  be  placed  in 
the  center.  This  would  reduce  the 
distance  waiters  must  travel  be¬ 
tween  the  kitchen  and  table.  The 
narrow  passageway  alongside  the 
present  kitchen,  which  is  apt  to  be 
hot  and  uncomfortable  for  passen¬ 
gers  awaiting  their  place  in  the 
diner,  is  eliminated. 

The  electronic  dining  car  will 
have  a  seating  capacity  of  68  per¬ 
sons  instead  of  the  present  stand¬ 
ard  dining  car  capacity  of  only  48. 
Not  only  can  more  passengers  be 
served  in  much  less  time,  but  in¬ 
creased  revenue  will  be  earned  for 
the  railroads. 

For  demonstration,  ten-ounce 
rare  sirloin  and  tenderloin  steaks 
were  cooked  on  a  Radarange  in  50 
seconds.  -Well-done  steaks  are 
cooked  in  60  seconds.  Pork  chops, 
lamb  chops  and  fish  fillets  require 


on  all  standard  items— 

Specials  in  less  than  a  week  if  necessary 


BULLETIN  R 

tells  what  you  want  tO 
know  about  precision 
resistors.  Write  for  your 
copy  today.  _ 


ACCURATE 


MOUNTING  STYLES 

to  mutch  any  need 


SHAUCROSS 

..——MW— 


PHYSICALLY  PROTECTED 

to  speci^ations 

HiRMETICALLY-SEALED 
and  TROPICALIZED  TYPES 

for  exacting  applications 


Shallcross  Manufacturing  Company 

Dept.  E*67  Collingdale,  Pa. 


For  lake-out  eerrice,  raw  hamburgers  are 
first  wrapped  In  paper,  placed  in  the  bag. 
and  then  cooked  by  the  Radarange 
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DIRECT  TO  CONSUMERS 


•f  Shoal, 

®‘*“»ppsd ;; 
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Better  Your  Product 


1.  txlremely  Jiityible  cast-iron  tranic  assures 

accurate  alignnietit  of  hearings.  ,  . 

2.  Motor  constatitly  cooled  by  correctly  de¬ 
signed  fan  atid  air  passages. 

3.  Permeability  improved  by  caret ully  rean- 
ne^ling  stator  laminations. 

4  Insulated  windings  are  trouble-free. 

5'.  Well  designed  starting  switch  is  long-lived, 
quiet  and  positive  ot  operation. 

6.  Heavy  base  cast  integral  provides  strong, 
flat  mounting  surface. 

7.  Rugged  cast  end  cover  has  drip- proof 
opening  at  bottom  for  ventilation. 

8.  Large  oil  reservoirs,  packed  with  wool  yarn, 
provide  clean,  reliable  lubrication  Outer  oil 
and  dust  seal  prevents  oil  leakage. 

9.  Manganese  alloy  steel  shaft  has  high- 
tensile  strength. 

10.  Superior  diamond  bored  sleeve  bearings. 


TUIES  AT  WORK  (continued) 

50  seconds;  1.5  pound  lobsters  are 
broiled  in  2.5  minutes;  half  a 
chicken  is  cooked  in  2  minutes  and 
a  whole  chicken  in  4  minutes. 
Baked  iwtatoes  and  baked  apples 
require  but  1.5  minutes ;  cup  cakes, 
muffins  and  biscuits  are  baked  in 
30  seconds;  layer  cakes  require  8 
minutes  per  layer. 


Subminiature  Printed 
Transmitters  and  Receivers 

Figures  1,  2,  and  3  show  a  number 
of  radio  transmitters  and  receivers 
produced  by  the  printed  circuit 
technique  at  the  National  Bureau  of 
Standards.  The  circuits  are  de¬ 
signed  to  operate  in  the  band  from 
132  to  144  megacycles. 

The  transmitters  shown  in  Fig¬ 
ure  l*are  single-tube  grid-modu¬ 
lated  units  and  require  only  con- 


FIG.  1 — Otdllator  drenits  of  tho  two  units 
ot  top  Uft  or*  printsd  on  th*  outsr  sur¬ 
face  of  a  steatite  cylinder  housing  the 
subminioturo  tube.  Next  is  a  6K4  with 
a  painted  circuit  right  on  its  glass  en- 
relope.  Similar  treatment  was  giren  the 
T-2  tube  in  the  lipsfidc  container  at  top 
right.  Both  sides  of  a  steatite  plate  trans¬ 
mitter  and  the  final  assembly  ore  shown 
ot  bottom.  The  sUrered  spirals  form  two 
chokes  and  the  emtenna  coil 

nection  to  modulator  and  battery  to 
operate.  The  circuits  of  the  trans¬ 
mitters  are  shown  in  Fig.  2  and  3. 
To  provide  a  variation  in  the  types 
of  printed  circuits  presented  two 
different  circuits  were  used.  In  the 
two  units  at  top  left  of  Fig.  1  the 
oscillator  circuit  is  printed  on  the 
outer  surface  of  a  thin  steatite 
cylinder.  The  tube  is  inserted 
within  the  cylinder  and  the  combi¬ 
nation  wired  to  a  battery  plug. 

Also  shown  in  Fig.  1  is  a  trans¬ 
mitter  with  circuit  painted  on  the 
envelope  of  a  subminiature  tube, 
a  6K4,  and  a  circuit  painted  on  the 
glass  envelope  of  a  T-2  tube  meas¬ 
uring  one-quarter  inch  in  diameter 
and  one  inch  in  length.  A  thin 
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IN  PLASTICS 


/ROUT 
/FLY  CUT 
/DRILL 


HfSEARCH 

...«  conttnuous  transjor- 
m*tion  of  possibilities  into 
practical  ideas  in  plastics. 


/PUNCH 

/SNAVE 

/FORM 

/BUFF 

/SHEAR 

/PRINT 


DESIGNING 

.. .  Artistic  vismalization. 
Creative  engineering. 
Practical  planning  for 
efficient  plastics  prodnction. 


PRODUCTION 
. . .  Complete  machine  shop 
facilities  for  manufactmring 
oar  own  dies,  molds,  tools. 


Here  is  a  fly  cutter  in  action:  knifing  out  plastic  discs. 
It’s  just  one  of  eighteen  distinct  fabricating  operations 
available  ...  to  users  of  Laminated  INSUROK. 
The  practices  we  recommend  are  universally  accepted  as 
standard  in  the  industry.  However,  Richardson  Plasticians  welcome 
the  opportunity  to  work  with  you  in  developing  specific  methods 
to  handle  any  new  problems  .  .  .without  obligation. 
So  whether  we  do  the  job  for  you  to  your  specifications, 
or  it’s  done  in  your  own  shop,  our  experience 
in  the  technique  of  fabrication  is  at  your  service! 


LAMINATING 

. .-.  Sheets,  rods,  tubes. 
Standard  NEMA  grades; 
over  100  special  grades. 


MOLDING 

. . .  Rubber  and  bitumi¬ 
nous  plastics;  and  synthetic 
resin  plastics.  .  .  Beetle, 
Bakelite,  Durez,  etc. 


RICHARDSON  COMPANY 


Sales  Hoodquarfort:  MELROSE  PARK,  ILL.  FOUNDED  1858  LOCKLAND,  CINCINNATI  IS,  OHIO 
<K  6,  7S  WEST  STREET  Sal..  ONicas  ROCHESTER  4,  N.  Y.,  1031  SIBLEY  TOWER  8LOG. 

?H!A  40,  PA.,  3728  NO.  BROAD  STREET  wmeas  MILWAUKEE  3,  WIS.,  743  NO.  FOURTH  STREET 

IS,  OHIO,  32B-7  PLYMOUTH  BLDG.  •  DETROIT  2,  MICH.,  A-2S2  G.  M.  BLDG.  ST.  LOUIS  12,  MO.,  5579  PERSHING  AVENUE 
Faeforias.  MELROSE  PARK.  ILL.  •  NEW  BRUNSWICK,  N.  J.  INDIANAPOLIS,  IND. 


YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


A  tiny  SILMASAL  cylinder  mag¬ 
netized  along  a  diameter  i»  the  heart 
of  the  0-E  gauss  meter.  When  the 
probe  is  placed.in  the  field  of  a  per¬ 
manent  magnet  or  a  d-c  electromag¬ 
net,  the  SILMAN AL  magnet  on  the 
shaft  tends  to  line  up  tcith  the  flux. 
Flux  density  is  measured  by  rotating 
the  instrument  until  the  pointer 
recKhes  its  highest  reading.  This  oc¬ 
curs  when  the  probe-magnet  flux  is 
at  right  angles  ig  the  flux  being  inres- 
tigated.  The  painter  when  at  zero  scale 
position  indicates  flux  direction. 


Augmentingthe  many  grades  of  sintered  and  cast  ALNICO 
permanent  magnets,  four  additional  General  Electric  alloys 
— SILMANAL,  CUNIFE,  CUNICO,  and  VECTOLITE 
— now  greatly  extend  magnet  design  possibilities. 

So  ductile  and  malleable  that  they  can  be  machined  as 
readily  as  soft  steel,  SILMANAL,  CUNIFE  and  CUNICO 
possess  outstanding  properties  suitable  for  a  wide  range  of 
special  applications.  SILMANAL  is  particularly  adapted 
to  devices  used  in  the  presence  of  severe  demagnetizing 
influences. 

VECTOLITE,  a  sintered  non-metallic  mixture  of  iron 
and  cobalt  oxides,  is  amazingly  lightweight.  Because  of  its 
high  electrical  resistance,  high  coercive  force  and  low  eddy 
current  loss,  VEC’TOLITE  has  l)een  used  widely  for  rotor 
magnets. 

I>et  us  help  you  with  your  magnet  application  problems. 
General  Electric  Engineers,  backed  by  years  of  research 
and  magnet  design  experience,  are  at  your  service.  Metal¬ 
lurgy  Division,  Chemical  Department,  General  Electric  Co., 
Pitte field,  Maes. 


SEND  FOR  NEW  BULLETINS 
ON  G-E  PERMANENT  MAGNETS 


We  shall  be  glad  to  send  you  upon  request 
our  new  bulletins,  COM*  1 ,  "Permanent  Magnets," 
and  CDM-2,  "Cast  and  Entered  Alnico,  Catalog 
Supplement,"  both  specifically  designed  to  help 
you  with  your  permanent  magnet  problems. 

CDM-1  contains  information  about  the  char* 
octeristics  and  properties  of  G-E  permanent 
magnet  materials,  their  application  and  design. 
Listed  in  the  catalog  supplement,  CDM-2,  ore 
sintered  and  cast  Alnico  permanent  magnets 
available  from  stock.  Proposed  R.M.A.  standard 
speaker  magnets  are  included. 

For  your  copies,  please  fill  out  the  coupon 
below. 


I  METAUUROY  DIVISION 
I  SECTION  FA4 
'  CHEMICAL  DSPARTMmT 
I  GENERAL  aECTRIC  COMPANY 
I  PITTSFIKO.  MASS. 

Phatt  sand  m«  your  new  bulletin, 
I  COM-t,  ond  COM-2,  on  G-E  Parmo- 
I  nanf  Magnets. 


COMPANY 


ADDRESS. 
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GENERAL 
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BAUANTINE  ELECTRONIC  VOLTMETER, 


TUBES  AT  WORK 


(coaHnuad) 


I 


DECADE  AMPLIFIER 


AND  MULTIPLIERS 


MODEL  300 
ELEaRONIC 
VOLTMETER 


10  MICROVOLTS 
to  10,000  VOLTS 

ONE  BILLION  TO  ONE— This  enor¬ 
mous  range  of  AC  voltages — is  easily 
covered  by  the  Model  300  Voltmeter, 

Model  220  Decade  Amplifier  and  Model  402 
Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  fre¬ 
quency  range  of  10  cycles  to  150  kilocycles.  The 
Model  300  Voltmeter  ^AC  operated)  reads  from 
.001  volt  to  100  volts,  the  Model  220  Amplifier 
(battery  operated)  supplies  accurately  standard¬ 
ized  gains  of  lOx  and  lOOx  and  the  Model  402 
Multipliers  extend  the  range  of  the  voltmeter  to 
1,000  and  10,000  volts  full  scale. 

Descriptivie  Bulletin  No.  10  Available 

BALLANTINE  LABORATORIES,  INC. 

■OONTON,  NEW  JERSEY,  U.S.A. 


FIG.  2 — Circuit  of  tho  6K4  transmitter 
whose  coils  ore  painted  on  the  tube 
envelope 

layer  of  plastic  cement  has  been 
applied  to  the  tube  and  circuit  to 
protect  against  rough  handling  and 
humidity.  For  additional  protection 
the  X-2  unit  is  housed  in  a  lipstick 
container. 

Circuit  on  Tube 

The  coils  and  small  grid  leak  are 
painted  on  the  glass  envelope  of  the 
tube  with  silver  and  graphite  paints 
respectively.  The  addition  of  a  tiny 
high-dielectric  ceramic  capacitor 
completes  the  circuit. 

If  good  adhesion  of  the  circuit  to 
the  glass  is  desired,  the  tube  envel- 
(H>e  must  be  absolutely  clean  prior 
to  painting.  Although  the  coils  may 
be  painted  free-hand,  more  uniform 
results  can  be  obtained  by  applying 
the  silver  paint  with  a  ruling  pen 
mounted  on  a  lathe  while  the  tube 
held  in  the  chuck  is  rotated  by 
hand.  Precise  coils  can  be  applied 
in  this  manner.  Another  variation 
involves  the  application  of  the  coils 
to  the  tube  envelope  before  the  tube 
elements  are  inserted  and  sealed. 

The  6K4  transmitter  of  Fig.  1 
was  made  by  first  wrapping  a  sten¬ 
cil  of  the  coil  pattern  around  the 
tube  using  masking  tape.  The  glass 
envelope  was  then  etched  in  fumes 
of  hydrofluoric  acid  (sand  blasting 
could  have  been  employed)  which 
roughens  the  surface  and  allows  ex¬ 
cellent  adhesion  of  the  paint  to  the 


CELLED 


Tm  23 id  Avt^hm#  TrontmiMr 
3  kw  Phw,  S  kw  CW 


ncilled 

teatite 


. .  •  for  reliable  communication 

IMMEDIATE  DELIVERY 


The  16F  Autetun*  Trantmittvr 
300  w  Phene,  500  w  CW 


You  need  a  dependable,  well  engineered  transmitter 
for  p>oint-to-point,  ship-to-shore,  or  ground-to-plane 
commercial  radio  communication.  The  Collins  231D 
or  the  Collins  16F  is  the  answer.  These  transmitters 
have  proved  themselves  thoroughly  reliable  and  effi¬ 
cient  in  all  climates,  and  under  difficult  operating 
conditions. 

Any  one  of  eleven  frequencies  between  2.0  me  and 
18.1  me  is  available  at  the  ffip  of  a  dial,  with  all  cir¬ 
cuits  tuned  and  ready  to  operate.  The  widely  acclaimed 
Collins  Autotune  system  is  utilized  to  shift  the  fre¬ 
quency  quickly  and  accurately. 


Compressor  circuits  are  incorporated  to  raise  the 
average  modulation  level  during  voice  or  MCW  trans¬ 
mission.  CW  transmission  is  also  available,  with  key¬ 
ing  speeds  of  60  wpm  on  MCW  and  200  wpm  on  CW. 
Both  transmitters  can  be  adapted  for  frequency  shift 
keying. 

For  dependable,  trouble-free  radio  communication 
use  either  the  231 D  or  the  16F.  They  are  built  for  that 
purpose.  Write  today  for  free  illustrated  bulletins 
giving  detailed  information. 


IN  RADIO  COMMUNICATIONS,  IT’S... 


COLLINS  RADIO  COMPANY,  Cedar  Rapids,  Iowa 


11  West  42nd  Slrect,  New  York  IS,  N.  Y. 


458  South  Spring  Slr*«t,  Los  Angela*  13,  California 
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ANDREW , 

0  COAXIAL 
CABLE  \ 

. . 


BETTER  ON 


COUNTS 


V  LOWER  loss  than 

plastic  30^  f  less  loss 

than  in  plastic  cables  of  same 


TriBM  or#  iK#  fomoos  Andrew 


s#mi«il«xibl#  cooxiol  cobl#s  in 


%  ond  %  in<h  diom#t#r$ 


(shown  in  octuol  six#).  i#cous# 


of  thoir  b#H#r  construction  and 


dosign  thoy  or#  usod  through 


out  th#  world  by  thousonds  of 


broodcost,  polico,  govornmont, 


ond  militory  rodio  stations  os 


th#  most  ofllciont  dovic#  for 


connocting  ontonno  to  trons 


mittor  or  rocoivor. 


•  ••• 


•••• 


diameter. 

V  GREATER  power 

capacity  Insulation  does 

not  melt  or  soften  .  .  .  develops 
less  heat  than  plastic  cables. 

V  LONGER  lasting 

Andrew  cables  are  made  entirely 
of  copper  and  stone,  two  ma¬ 
terials  w  hich  have  unlimited 
•  life  and  w  hich  impart  the  great¬ 
est  resistance  to  crushing,  cor¬ 
rosion  and  weathering. 

ANJ)REW  "FIRSTS  Here’s 

proof  of  Andrew  Leadership  in  the 
development  of  semi-Hexible  coaxial 
cables:  1)  1  irst  to  produce  Yh  and  % 
inch  soft  temper  cables  in  100  foot 
lengths  ...  2)  First  to  offer  continuous 
coils  of  unlimited  length  with  factory 
splicing  ...  3)  First  to  offer  lines 
shipped  under  pressure  with  all  fit¬ 
tings  attached. 

Such  continued  leadership  enables 
Andrew  to  t)ffer  better  semi-flexible 
coaxial  cables;  cables  that  are  bet¬ 
ter  than  those  made  from  any  other 
materials. 

A  complete  line  of  coaxial  cables, 
accessories,  and  other  antenna  equip¬ 
ment  is  produced  by  Andrew. 


ANDREW  CO. 

363  E.  75th  ST.  •  CHICAGO  19,  ILL. 


I  FIG.  4 — Spiral  coil,  wiring,  and  rMistors 
i  of  the  receieer  on  a  eteatite  plate  are 
I  shown  at  top  of  photo.  The  receiyer  at 
'  bottom  needs  only  batteries  and  loud- 
I  speaker  to  be  attached  to  the  leads 

1  envelope.  After  etching,  the  hydro¬ 
fluoric  acid  was  neutralized  with 
strong  caustic  soda  solution,  and 
the  envelope  washed  thoroughly 
with  soap  and  water  and  rinsed  in 
distilled  water.  Conducting  paint 
was  applied  to  the  etched  surface. 

To  improve  the  Q  of  the  coil,  it 
was  silver  plated  in  a  silver-cyanide 
bath  by  applying  a  current  of  0.2 
ampere  for  15  minutes  depositing 
a  layer  approximately  0.003  inch 
thick.'  The  grid-leak  resistor  was 
painted  on  using  a  resistance  paint 
and  dried  at  a  temperature  of  50  C 
under  an  infrared  lamp. 

The  receivers  shovm  in  Fig.  4  and 
5  are  wired  with  the  circuit  of  Fig. 
6.  The  units  shown  in  Fig.  4  are 
on  steatite  plates  2x3  inches  and 
those  of  Fig.  5  are  on  a  2  x  5-inch 
Lucite  plate  and  one  large  size 
steatite  plate.  They  employ  a  square- 
law  detector  stage  followed  by  two 
stages  of  pentode  ampliflcation  and 
a  triode  output  stage  feeding  the 
loudspeaker.  Input  tuning  is  broad 
for  reception  from  132  to  144  mega¬ 
cycles.  If  sharper  tuning  and  addi¬ 
tional  sensitivity  is  desired,  the  in¬ 
put  stage  may  be  converted  to  one 
employing  superregeneration. 

The  procedure  used  to  print  the 
transmitter  and  receiver  circuits  on 
steatite  plates  is  the  stencilled 
screen  method.  Although  steatite 
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Is  ttlso  a 


develop  a  special  fastener  for  better,  more 
economical  assembly.  SPEED  NUT  brand  fast¬ 
eners  may  be  the  answer  to  your  quest  for 
lower  assembly  costs,  so  be  sure  to  investigate 
these  streamlined  fastening  devices.  Write  us 
today,  including  engineering  details,  and  we’ll 
give  you  a  complete,  no-charge  analysis. 


It  looks  more  like  a  caterpillar  than  a  nut, 
doesn’t  it?  But  a  nut  it  is  ...  or  rather,  five 
SPEED  NUTS  combined  into  one,  to  simplify  and 
improve  the  assembly  of  multiple  coil  forms 
on  radios. 

This  one  ingenious  fastener  replaced  eight 
separate  parts  formerly  used  and  eliminated 
expensive  drilling  and  tapping  operations.  It 
retains  the  tuning  cores  and  screws,  provides 
exactly  the  right  tension  on  the  screws,  and  its 
spring  arms  hold  the  plastic  coil  tubes  securely 
in  place. 

This  is  just  one  example  of  hundreds  where 
the  basic  SPEED  NUT  principle  is  applied  to 


TINNERMAN  PRODUCTS,  INC., 

2106  FULTON  ROAD  •  CLEVELAND,  OHIO 


In  Canada:  Wallac*  Bam.t  Co.,  Ltd.,  Homilton,  Ontario 
In  England:  Simmonds  Aoroctttorios,  Ltd.,  London 
In  Franco:  Aorocossoiros  Simmonds,  S.  A.,  Paris 
In  Australia:  Aorocossorios,  Pty.  Ltd.,  Molbourne 


Trade  Mork  fiec  U  >  Poi  OH 


MORi  THAN  4000 
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TUIES  AT  WORK  {ceaHaiMd) 

was  used  for  the  base  plate,  the 
process  is  applicable  to  such  mate¬ 
rials  as  glass,  porcelain,  Bakelite, 
Lucite,  and  other  insulating  sur¬ 
faces. 

The  printed  silver  wiring  is  ap¬ 
plied  through  a  silk  or  metal  screen 
stencil  containing  the  appropriate 
pattern.  The  stencil  is  I.Tiil  over  the 
clean  ceramic  plate  and  silver  ink 
brushed  over  it.  For  flat  plates,  a 
squeegee  may  be  used  to  apply  the 
paint.  When  the  stencil  is  removed 
a  pattern  of  silver  lines  lepresent- 
ing  the  wiring  of  the  circuit  re¬ 
mains. 

The  three  views  at  bottom  of  Fig. 
1  show  the  development  of  the  flat- 
plate  transmitter.  One  side,  at  left 
of  the  figure,  carries  the  three 
spiral  coils  and  a  50  micromicro- 
fa^ad  coupling  capacitor.  The  other 
side  bears  the  remainder  of  the  cir¬ 
cuit  wiring  including  three  resis¬ 
tors  (the  dark  rectangles)  and  four 
capacitors. 

Composition  of  the  silver  paint 
can  be  very  finely  divided  silver  or 
silver  oxide  mixed  with  a  binder  to 
make  a  paste  and  thinned  with  a 
solvent  such  as  acetone.  On  highly 
refractory  surfaces,  such  as  stea¬ 
tite,  a  flux  of  low  temperature  glass 
may  be  added  to  improve  adhesion 
to  the  surface. 

After  impression  of  the  pattern, 
the  plate  is  heated  to  a  tempera¬ 
ture  of  800  C  to  bond  the  silver 
permanently  to  the  plate.  Paints 
which  do  not  require  firing  at  high 


•  Somebody  changed  his  mind  a  •  after  erasure  without  wearing 
few  times,  or  maybe  the  tracer  was  through,  without  line  feathering 
having  a  bad  day.  Just  why  isn’t  when  you  re-ink. 
important.  The  point  is  the  tracing  why  not  check  Arkwright’s  ad- 
had  to  be  done  over,  because  eras-  vantages  yourself,  in  your  own 
ing  had  given  it  a  distinctly  "scrub  drawing  room,  at  our  expense.  Send 
happy’’  look.  Arkwright  would  for  generous  working  samples, 
have  saved  all  this.  Erasures  mean  free.  Arkwright  Finishing  Corn- 
little  to  Arkwright.  It  takes  erasure  pany.  Providence,  R.  I. 


All  Arkwright  Tracing  Cloths 
have  thes*  6  Important  advantages 

1  Erasures  re-ink  without  "feathering" . 

2  Prints  are  always  sharp  and  clean. 

3  Tracings  never  discolor  or  become 
brittle. 

4  No  surface  oils,  soaps  or  waxes  to  dry 
out. 

5  No  pinholes  or  thick  threads. 

6  Mechanical  processing  creates  per¬ 
manent  tran^arency. 


FIG.  5 — The  two  viewi  at  top  show  both 
tidee  of  a  receiver  built  on  a  Lucite  plate. 
The  eome  receiver  circuit  on  a  steatite 
plate  of  the  same  sise  appears  at  bottom 


AMiRICA’S  STANDARD  FOR  OVER  25  YEARS 


Juno.  tW  — ELECTRONICS 


SMALl  GEARS  FOR 


SPECIFY 


1  CORRECT 


iPERFORN^NCE 


If  there  was  ever  a  place  to  get  better  Small  Gears, 
this  is  it!  .  .  and  for  very  good  reasons,  too. 

C/  Throughout  a  quarter  century  of  intensive  spei. 
cialization  . .  years  of  constant  research  and  prog¬ 
ress  .  .  we’ve  developed  the  art  of  engineering 
and  producing  Fractional  Horsepower  Gears  to  a  degree  of  per¬ 
fection  generally  considered  impossible  a  short  time  ago. 

When  you  specify  ”G.S.”  for  instance,  you  employ  extensive  fa¬ 
cilities  and  an  experienced  organization  of  Small  Gear  Craftsmen. 
They  can  lend  you  valuable  aid,  not  only  in  turning  out  uniform 
production  runs,  but  also  in  establishing  the  one  best  design  for 
the  job  the  gear  has  to  do.  So  . .  whatever  the  problem  . .  put  it  up 
to  a  G.S.  Engineer!  Let  him  help  you  achieve  the  finest  performance 
you’ve  ever  known  from  a  Fractional  Horsepower  Gear!  Ideas, 
information  and  cost  estimates  are  yours  for  the  asking.  Will  you 
write  or  phone  us  today.^ 


Th»  G.S.  BulUlin  d»tcrih»t  many 
diffmfnl  fypnt  and  application*  of 
G.S.  Small  Goar*.  Float*  atk  for  a 
copy  on  company  stationary. 
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TUBES  AT  WORK  (continuad) 

temperatures  have  been  developed 
for  use  wherever  elevate  tempera¬ 
ture  equipment  is  not  available  or  | 
desirable.  Firing  at  high  tempera-  I 
ture  provides  an  exceedingly  strong 
adhesion  to  the  plate  and  an  im¬ 
provement  in  electrical  conductiv¬ 
ity. 

Forming  the  screen  is  done  by 
stretching  the  mesh  material  over 
a  supporting  frame  and  coating  it 
with  a  photosensitive  solution  which 
is  made  by  mixing  gelatin  or  poly¬ 
vinyl  alcohol  with  a  sensitizer  such 
as  potassium  dichromate.  A  photo¬ 
graphic  positive  of  the  wiring  pat¬ 
tern  is  held  tightly  against  the  sen¬ 
sitized  silk  screen  and  exposed  to 
strong  light.  Exposure  makes  the 
coating  insoluble  except  for  those 
portions  beneath  the  wiring  dia¬ 
gram.  When  the  screen  is  washed 
•in  water,  the  parts  not  exposed  to 
light  dissolve  and  wash  out,  leaving 
openings  in  the  screen  correspond¬ 
ing  to  the  desired  wiring  diagram. 


l?0MAr 


FIG.  6 — Complete  circuit  of  the  receiver 
uses  a  square-law  detector  and  three  RC- 
coupled  audio  stages.  Capacitance  values 
are  given  in  md  and  resistance  in 

megohms  except  K  resistor  of  6K4 

Resistors  are  applied  through  an¬ 
other  stencil.  The  paint  consists  of 
a  conducting  material  such  as  pow¬ 
dered  graphite  mixed  with  inert  or 
nonconducting  compounds  such  as 
mineralite  or  lampblack  and  a  resin 
binder  to  form  a  paste  or  heavy  ink. 
Adjustment  to  the  proper  value  is 
done  by  varying  the  amount  of  inert 
filler  or  by  varying  length,  width, 
or  thickness  of  the  resistors.  After 
application,  they  are  cured  in  an 
oven  at  150  C  for  approximately  one 
hour,  the  heat  converting  the  resin 
binder  to  an  infusible  state.  Minor 
adjustments  in  value  are  possible 
after  drying.  The  resistance  may 
be  increased  by  grinding  away  part 
of  the  resistor  with  a  small  grinder 
of  the  type  used  by  dentists,  or  de¬ 
creased  by  simply  adding  another 
layer  of  paint.  A  special  resin  coat¬ 
ing  may  be  applied  to  the  plate  as 
protection  against  humidity  and 
other  atmospheric  effects. 

Ceramic  disc  capacitors  prepared 
from  high-dielectric  mixtures  of 


TBOSS  Incobi-ob' 
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TUIES  AT  WORK  (continued) 

titanates  are  next  soldered  into 
position.  They  range  from  i  to  A- 
inch  in  diameter  and  0.02  to  0.04- 
inch  in  thickness.  The  capacitance 
is  controlled  by  the  mix,  the  thick¬ 
ness  of  .the  disc  and  the  area  of  the 
silvering  on  the  faces.  Such  capaci¬ 
tors,  available  in  values  from  6.5 
to  10,000  micromicrofarads,  are 
soldered  to  the  plate  with  a  low-tem¬ 
perature  solder  which  allows  solder¬ 
ing  through  them  without  adversely 
affecting  the  performance.  A  bis¬ 
muth  solder  (HOC  melting  temper¬ 
ature)  consisting  of  40  parts  bis¬ 
muth,  40  lead  and  20  tin  is  used. 
The  subminiature  tubes  and  leads 
for  the  antenna,  batteries,  and  loud 
speaker  are  soldered  directly  to  the 
silver  wiring  on  the  plate. 

A  simpler  procedure  may  be  fol¬ 
lowed  if  a  plastic  base  is  used.  The 
wiring  is  applied  through  the  sten¬ 
cil  (as  with  the  steatite  plates), 
but  paints  are  used  which  dry  at 
room  or  slightly  higher  tempera¬ 
ture.  A  suitable  silver  paint  con¬ 
sists  of  powdered  silver  in  lacquer 
solution,  the  consistency  being  ad¬ 
justed  with  an  acetate  solvent.  For 
best  results,  65  percent  of  silver 
powder  is  used.  Commercially  avail¬ 
able  paints,  mixed  and  ready  for 
use,  will  dry  on  brief  exposure  at 
50  C  or  overnight  at  room  tempera¬ 
ture. 

Conductivity 

Wiring  applied  in  this  manner  is 
somewhat  lower  in  conductivity 
than  that  of  wiring  applied  by  the 
firing  process,  but  it  is  usually 
satisfactory.  Conductivity  of  the 
spiral  coil  can  be  increased  by  sil¬ 
ver  plating.  All  wiring  on  the  plate 
can  be  done  in  the  same  operation 
at  a  rate  of  0.2  ampere  for  15  min¬ 
utes  in  a  silver-cyanide  bath.  A 
satisfactory  preparation  for  paint¬ 
ing  transmitter  coils  on  the  tubes 
is  a  sodium-silicate  conducting 
paint  known  as  Sauereisen  Conduc- 
tulute.  This  paint  dries  in  air  at 
room  temperature  and  may  be 
plated  readily. 

Although  the  silver  wiring  is  ap¬ 
plied  in  layers  usually  less  than  a 
mil  in  thickness,  the  current-carry¬ 
ing  capacity  exceeds  that  required 
in  normal  electronic  circuits  includ¬ 
ing  filament  supply  leads.  In  tests 
at  the  Bureau  a  silver  line  0.0005- 
inch  thick  and  i-inch  in  width  car¬ 
ried  over  an  ampere  of  current  con- 


...For  Every  Soldering  Job 

USE  KESTER  FLUXES 


The  use  of  wrong  flux  in  any  soldering  operation  means  solder  failure.  Select 
your  flux  from  Kester's  complete  high  quality  line  and  be  sure  you're  using  the 
chemically  and  physically  correct  flux  for  your  particular  soldering  job. 

t 

Nearly  half  a  century  of  practical  experience  has  resulted  in  the  development 
by  Kester  of  efficient  and  effective  fluxes  for  every  soldering  operation. 
Proven  in  industry,  Kester  Fluxes  are  your  assurance  of  clean,  tight  solder 
bonds — solder  bonds  that  hold  tight  against  vibration,  shock,  twisting,  bending, 
and  expansion  and  contraction  caused  by  temperature  extremes. 

Each  one  of  the  hundreds  of  Kester  fluxes  has  been  carefully  tested  in  the 
laboratory  and  in  practical  application.  Today,  not  only  is  the'  performance 
of  each  Kester  flux  definitely  known,  but  also  the  circumstances  under  which 
each  one  should  best  be  used. 


So  look  to  Kester  Fluxes  for  the  answer  to  any  flux  problem.  Without  obligation 
to  you,  Kester  engineers  will  gladly  specify  the  flux  that  fits  your  special  needs. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  AveRM,  Chicago  39,  Illinois 
Eestcra  ffoiit:  Newark,  N.  J.  Canadlam  Plauf:  Iraafferd,  Ooforie 
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VOLTAGE 

FREQUENCY 

TEMPERATURE 


VOLTAGE.  The  new  Sylvania  IN  3  8  Newest  addition  to  the  Sylvania  family  of 
il  is  designed  for  a  back  voltage  of  100  Germanium  Crystals,  the  1N38  is  of  com- 
naximum.  pact,  space-saving  design.  Pigtail  leads 

'REQUENCY.  With  its  shunt  capaci-  permit  easy  soldering  into  position. 

of  only  0.8  to  1.1  /*/if,  the  1N38  is  i  •  i/  u 

for  high  frequency  use.  Back  resistance  is  as  high  as  2%  megohms. 

TEMPERATURE.  Rectification  effi-  Minimum  life  is  5,000  hours  at  22.5  ma  DC. 
y  decreases  only  .0007%  per  degree 

Tature  rise  from  27°  to  75°  C.  Write  for  full  details 

Electronics  Division,  500  Fifth  Avenue,  New  York  18,  N,  Y. 
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tinuously  and  satisfactorily.  It  re¬ 
quired  18  amperes  to  puncture  the 
line. 

j  Studies  by  Cledo  Brunetti  and 
W.  J.  Cronin  of  the  Bureau  have  dis- 
i  closed  at  least  six  principal  methods 
■  of  printing  electronic  circuits.  In 
addition  to  the  painting  method, 
they  are:  spraying,  chemical  de¬ 
position,  vacuum  methods,  die 
stamping,  and  electro-photography. 
These  methods  are  to  be  treated  in 
detail  in  a  circular  to  be  issued  by 
'  the  Bureau  shortly. 


Textile,  rubber,  food,  chemical,  paper  and  petroleum  industries  are 
depending  upon  Taylor  Time  Schedule  Controllers  for  complex  batch 
processing  .  .  .  high-quality  and  economical  production  involving  time 
with  temperature,  pressure,  flow  or  liquid  level. 

To  match  a  batch,  three  Haydon  timing  motors  (two  chart  drives  and 
one  interrupter  timer)  are  employed  in  the  Taylor  Schedule  Controller. 
The  Controller  carries  through  a  prescribed  time  interval  and  con¬ 
cludes  automatically.  During  the  process  cycle,  auxiliary  devices  are 
precisely  synchronized  and  the  controller  resets  itself  for  consistent 
and  dependable  production.  This  and  many  other  Haydon  applica¬ 
tions  are  accounting  for  greater  timing  accuracies  throughout  industry. 

If  it's  about  time,  rely  on  Haydon  in  Forestville,  Connecticut  to  deliver. 
Write  for  free  engineering  catalog. 

Haydon  2400  Forest  Street,  Forestville,  Connecticut. 


FORESTVILLE  mjtm  CONNECTICUT 

HARNESS  TIME  TO  YOUR  PRODUCTS 

SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


Localized  Heating  of  Milk 
Can  Necks 

Before  the  use  of  electronic  induc¬ 
tion  heating  in  the  manufacture  of 
milk  cans,  the  entire  breast  of  a 
can  had  to  be  annealed  in  a  gas- 
fired  furnace  although  only  the  neck 
of  the  can  needed  to  be  heated.  Then 
the  entire  neck  of  the  can  had  to 
be  pickled  to  remove  the  scale 
formed  during  the  process.  In¬ 
creased  can  production,  lessened 
fabrication  cost,  and  a  more  dur¬ 
able  finished  product  has  resulted 
at  Buhl  Manufacturing  Company 
of  Detroit. 

Now,  two  five-kilowatt  General 
Electric  electronic  heaters  anneal 
as  little  as  an  inch  of  the  neck  of 
the  can.  This  can  be  brought  to 
red  temperature  in  12  seconds.  At 
the  end  of  a  heating  cycle,  a  two- 
position  transfer  switch  permits 
feeding  Ihe  r-f  current  to  a  second 


Necka  of  milk  coni  are  now  heated  elec¬ 
tronically  without  annealing  the  entire 
breast  of  the  can  and  one  man  does  the 
work  of  two  formerly  required  in  this  and 
subsequent  pickling  operations 


ELECTRONIC  DISTRIBUTOR  B  INDUSTRIAL  SALES  DEPT, 
MAGUIRE  INDUSTRIES  INC.,  936  N.  MICHIGAN  AVE.,  CHICAGO  II,  ILL 

PLEASE  SEND  MY  FREE  COPY  Of  THE  NEW  1947 

•  THORDARSON  CATALOG,  POSTPAID,  TO  THE  ADDRESS  BELOW.  • 

•  NAME _  _ _ 

ELECTRONIC  DISTRIBUTOR  &  •  • 

STREET - — - 

INDUSTRIAL  SALES  DEPARTMENT 

•  CITY _ _ _ _ — _ STATE _ • 

MAGUIRE  _ 

INDUSTRIES,  INC.  *  •  •  •  •  •  •  •  •  •  • 

936  N.  MICHIGAN  AVENUE,  CHICAGO  11,  ILLINOIS 

EXPORT:  SCHEEL  INTERNATIONAL,  INCORPORATED 
4237  N.  LINCOLN  AVENUE,  CHICAGO  18,iLLINOIS,  CABLE  HARSCHEEL. 
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TUBES  AT  WORK  (continiMd) 

operating  position  while  the  first 
position  is  being  unloaded  and 
loaded  again. 

Besides  the  direct  saving  in  an¬ 
nealing  time,  additional  time  is 
saved  because  the  electronic  heater 
can  be  located  right  on  the  produc¬ 
tion  line.  Formerly  the  cans  had  to 
be  removed  from  the  line,  moved  to 
the  annealing  furnace,  pickled,  and 
returned  to  the  line.  One  operator 
now  anneals  more  cans  than  two 
men  did  using  the  former  method. 


Frequency  Control  for  Low- 
Impedance  Oscillator  Tanks 

By  V.  M.  Albers 

Ordnance  Research  Laboratory 
The  Pennsylvania  State  College 
School  oj  Engineering 
State  College,  Pennsylvania 


Th^  conventional  arrangement 
for  a  variable-resistance  frequency 
control  tube  used  to  control  the 
frequency  of  an  oscillator  is  shown 
in  Fig.  1.  Tube  V  is  in  series  with 
capacitor  C,  and  varies  the  effective 
value  of  its  capacitance  as  a  part 
of  the  oscillator  tank  circuit  as  the 
control  grid  voltage  of  V  is  varied. 

Figure  2  is  a  variation  of  the  cir¬ 
cuit  in  which  a  diode  is  used  in 
place  of  the  resistor  in  the  plate  cir¬ 
cuit  of  the  frequency  control  tube. 
The  diode  conducts  during  a  part 
of  the  negative  half-cycles  of  the 
oscillator,  and  causes  a  positive  volt¬ 
age  to  be  developed  at  point  A  in 
Fig.  2.  The  voltage  developed  can 
leak  to  ground  by  way  of  the  fre¬ 
quency  control  tube  Vt  during  the 
remainder  of  the  cycle.  The  aver- 


Some  things  are  built  with  a  false  bottom  like  the  glass 
above,  and  deceive  you  into  thinking  you're  getting 
more  than  you  are.  Substitutes  for  mica,  too,  sometimes 
appear  to  offer  many  of  the  unique  advantages  of 
mica.  But  don’t  be  misled!  Wherever  insulation  is  im¬ 
portant,  beware  of  the  false  bottom  every  time.  Be¬ 
cause  there  is  no  substitute  for  mica;  no  substitute, 
either,  for  the  experience,  the  resources  and  the  service 
that  are  exdusive  with  Macallen  Mica. 


FIG.  1 — Conventional  circuit  using  a  vari- 
able-resistance  type  frequency  control  tube 


age  potential  which  is  retained  at 
A  is  determined  by  the  control  volt¬ 
age  applied  between  points  1  and  2. 

The  effective  value  of  C  is  then 
determined  by  the  fraction  of  the 
negative  half-cycle  during  which 
the  diode  conducts  rather  than  by 


THE  MACALLEN  COMPANY,  lOSTON  27,  MASS 

CHICAGO:  StS  W.  WnMiglM  BM.  CLEVELAND:  1231  Sigirii 
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BLILEY 


CRYSTALS 


•  •  •  Make  it  a  habit  to  consult  Bliley, 
first,  on  all  frequency  control  applica¬ 
tions.  When  you  specify  Bliley  "Tech- 
niquality,”  you  automatically  select  the 
creative  engineering  and  production  tal¬ 
ent  and  facilities  that  have  built  leader¬ 
ship  in  frequency  control  applications 
over  the  past  fifteen  years. 


TYPE  BH5 
4000-1 1.OOOkc 

Midget  holder  with  aluminum 
plated  crystal  mounted  between 
spring  contacts  on  wire  supports. 
Hermetically  sealed  metal  case 
protects  assembly.  Recommended 
for  use  only  with  low  power  oscil¬ 
lator  tubes  and  circuits  where  space 
is  at  a  premium. 

TYPE  MC9 

3000-1 1.OOOkc 

Compact  holder  for  multichannel 
portable  equipment  where  space  is 
a  factor.  Gasket  sealed  against 
moisture  and  humidity.  Suggested 
for  all  vehicular  and  air-borne 
equipment  having  low  power  oscil¬ 
lator  tubes  and  circuits. 


TYPE  SR5 

3500-1 1,000kc 

This  unit  is  prototype  of  crystal 
stabilizer  used  in  majority  of  AAF 
equipment.  Case  is  gasket  sealed 
at  all  openings  for  maximum  pro¬ 
tection.  Suggested  for  multichan¬ 
nel  operation  in  air- borne  equip¬ 
ment. 


TYPE  MC7 
1700-1 1.OOOke 

Gasket  sealed  holder  with  pressure 
airgap  crystal  assembly.  Ideal  for 
multichannel  applications.  Accom¬ 
modates  quartz  plate  up  to. 7" x  .9" 
for  adequate  activity  in  medium 
power  circuits.  Used  widely  in  ma¬ 
rine  radio-telephone  equipment. 

TYPE  KV3 
100-500kc 

Compact  unit  features  low  drift, 
silver  plated  crystal  mounted  be¬ 
tween  wire  supports  soldered  to 
plated  surfaces.  Design  assures  ex¬ 
ceptional  frequency  stability. 
Recommended  for  use  in  low  power 
oscillators  where  regeneration  is 
employed. 


TYPE  ART 

3000-1 1,000kc 

Constant  temperature  oven  and 
crystal  assembly  in  compact  case. 
Heater  current  1  ampere  at  6.3 
volts.  Stabilizes  crystal  tempera¬ 
ture  at  70°  C  for  close  tolerance 
requirements  in  VHF  services. 


^eiU4f 


TYPE  TC92 

TEMPERATURE  STABILIZER 

Precision  temperature  control  oven 
operates  on  6.3  volts  A.C.,  heater 
current  0.16  amperes.  For  use  with 
type  MC7,  MC85,  M021  and  AR 
Series  crystals.  Suggested  for 
Broadcast  Services,  Frequency 
Monitors  and  Standards. 
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simplifies  design  •  saves  installation  time  •  cuts  waste  space 


SELENIUM 


RECTIFIER 


Taking  less  than  one  cubic  inch  of  space,  this  new 
General  Electric  selenium  rectifier  has  been 
designed  to  give  new  economies,  new  design  pos¬ 
sibilities  to  manufacturers  of  small  radio  sets.  It’s 
a  cost-saver  in  all  stages  of  production  from  the 
drawing  board  to  the  assembly  line.  Available  now, 
to  help  you  cut  costs,  it,  gives  you  these  three  big 
advantages: 

SIMPLIFIED  DESIGN  —  A  conventional  circuit  con¬ 
sists  simply  of  a  G-E  selenium  rectifier  in  series  with 
a  ballast  resistor  in  one  side  of  the  line,  feeding  into 
a  capacitor  across  the  line. 

SMALLER  ASSEMBLIES  —  This  baby  rectifier  fits 
into  spaces  where  tubes  and  sockets  just  can’t  go. 
It  lets  you  design  for  smaller  assemblies,  smaller 
cabinets  —  gives  you  more  room  for  other  parts. 

LESS  INSTALLATION  TIME  —  Only  two  connections 
to  make.  Save  time  that’s  normally  wasted  in  wiring 


for  sockets  and  tubes.  Cut  assembly-line  breakage 
losses  and  .slowdowns.  ' 

Built  for  ample  current  capacity,  the  new  General 
Electric  selenium  rectifier  can  stand  up  to  the 
inverse  peak  voltages  obtained  when  rectifying 
(half-wave)  110-125  volts  rms,  and  feeding  into  a 
capacitor. 

Normal  operating  temperatures  of  small  radios 
were  taken  into  consideration  in  the  designing  of 
the  General  Electric  selenium  rectifier.  Ratings  are 
based  on  ambient  temperatures  of  50  C  to  60  C. 
Heavy  varnish  coating  and  spring  contact  construc¬ 
tion  provide  uniformity  of  performance  against 
variations  of  humidity  and  temperature. 

Write  for  information  that  will  help  you  to  utilize 
the  advantages  of  General  Electric  selenium  recti¬ 
fiers  in  your  designs.  Section  A71-631,  Appliance 
and  Merchandise  Department,  General  Electric 
Company,  Bridgeport  2,  Connecticut. 


GENERAL 


ELECTRIC 
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(continutd) 


^  j  OUNDCRAFT  guarantees  maximum 
high  fidelity  recordable  area  for  sound  re¬ 
production  without  jeopardizing  quality 
or  consistency. 

•  Because  Soundcraft  'Broadcaster'  discs 
have  no  ridge,  they  are  usable  out  to 
the  very  edge.  Up  to  5%  more  re¬ 
cording  time,  and  higher  fidelity  by 
maximum  utilization  of  highest  groove 
speeds. 

•  Uniform  coating  right  to  the  edge 
is  made  possible  by  the  exclusive 
Soundcraft  coating  process  plus 
Soundcraft  high-solids  recording  lac¬ 
quer,  a  combination  representing  years 
of  experimentation  by  those  who  really 
know  the  requirements  of  the  industry. 


^lie  J^roadcaAter 
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REEVES  SOUNDCRAFT  CORPORATION 

10  East  52nd  Street  •  New  York  22,  New  York 

•  PROGRESS  ALONG  SOUND  LINES  • 


FIG.  2 — ImproTed  circuit  using  a  diode  in 
the  plate  circuit 


the  effective  resistance  in  series 
with  C.  The  value  of  C  used  is 
about  20  percent  of  the  value  of  Ct 
which  is  the  fixed  tank  circuit  ca¬ 
pacitance. 

For  low-impedance  tank  circuits, 
this  frequency  control  circuit  offers 
considerable  improvement  over  that 
shotvn  in  Fig.  1.  It  does,  however, 
cause  some  variation  in  the  oscil¬ 
lator  frequency  for  a  given  control 
voltage  applied  between  terminals 
1  and  2  when  the  heater  voltage  for 
tubes  Vi  and  V,  varies. 

Stabilizer 

To  eliminate  the  effect  of  varia¬ 
tions  of  heater  voltage,  the  device 
has  been  further  modified  by  re¬ 
placing  tube  Vt  by  a  copper-oxide 
rectifier.  The  rectifier  used  by  the 
author  is  the  Varistor  D-157873, 
containing  four  rectifiers  which  can 
be  connected  in  series.  The  use  of 
four  rectifiers  in  series  decreases 
the  voltage  applied  across  each  rec¬ 
tifier.  Figure  3  shows  a  schematic 
qf  the  circuit  using  this  rectifier. 
The  values  of  the  resistors  were 
chosen  to  set  the  frequency  control 
tube  at  the  center  of  its  range  when 
zero  voltage  is  applied  between  ter- 
I  minals  1  and  2. 

The  curves  in  Fig.  4  indicate  the 


4 

5 

S 

1 

2 

3 

5 

ll  . 
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TANK 
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-vw^  g  ■  'C* 
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I  FIG.  3 — Final  circuit  with  the  Varistor  in 
the  plate  circuit.  Values  of  R,  and  A,  are 
I  33.000  and  1,500  ohms  respectiTely  for  o 
6SN7  and  35.000  and  1,000  ohms  for  a 
7F8.  Numerals  indicate  Varistor  terminals 
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Corfrid^^ 
Thermoiwitch 
^  Control 


IF  YOU  HAVE  HEAT  CONTROL  PROBLEMS 


FACTS  IN  FENWAl’S  FAVOR 


Instant  temperature  de< 
tection 


In  every  instance  where  detection  or 
regulation  of  temperature  is  a  factor, 
the  art  of  Thermotechnics  can  help  you 
achieve  greater  efficiency  and  economy. 
Thermotechnics,  a  development  of  Fenwal 
engineering  research,  is  a  method  of 
analyzing  and  coordinating  process  re¬ 
quirements,  heating  means,  control  de¬ 
vices  and  product  design  to  insure  best 
over-all  performance  of  the  complete 
thermal-control  system. 

The  primary  factor  of  Thermotechnics 
is  the  Fenwal  THERMOSWITCH»  Con¬ 
trol.  This  unique  instrument  has  every 
desirable  feature  for  trouble-free,  effi¬ 
cient  temperature  regulation.  Examine 
these  features  in  the  **14  Facts”  check 
list  .  .  .  certain  ones  are  essential  to  your 
own  temperature  control  or  detection 
problem.  Only  the  Fenwal  THERMO-* 
SWITCH*  Control  incorporates  all  these 
features. 

Fenwal  engineers  will  glady  assist  you 
in  custom  engineering  your  product  or 
process  in  accordance  with  sound  Ther- 
motechnic  practice.  Further  information 
on  Thermotechnics  and  Fenwal  Controls 
will  be  sent  upon  request. 


Large  heat  sensitive  area  | 
—  small  heat  storage  < 


Short  heat  transfer  path 


Small  temperature  differ¬ 
ential 


Built-in  temperature  an 
ticipation 


Enclosed  assembly 


Minimol  vibration  effects 


Tamper  proof 


Rugged  design 


Adfustable  over  wide 
temperature  range 


Compact  design 


Fast  response  to  radiant 
heat 


Uniformity  over  wide 
temperature  range 


Ease  of  installation 


FENWAL  INCORPORATED 

43  PLEASANT  STREET 

ASHLAND  MASSACHUSETTS 

Thermotechnics  for  Complete  Temperature  Regulation 


R«g.  Trad*  AAartc  U.S>.  Pat.  Off. 
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VOLTAGE  AT  GRID 


FIG.  4 — CunrM  showing  tho  Toriahon  oi 
oscillator  iroquency  as  a  function  of  con¬ 
trol  Toltago 


relative  frequency  change  plotted 
as  a  function  of  the  voltage  applied 
to  the  frequency  control  tube  grid 
for  both  the  6SN7  tube  and  the  7F8 
tube.  The  sensitivity  of  the  7F8 
tube  is  somewhat  higher  to  small 
voltages  applied  to  the  control  tube 
grid.  However,  the  range  of  fre¬ 
quency  control  is  about  the  same 
with  either  tube. 

When  the  plate  supply  voltage 
was  varied  from  200  to  300  volts 
with  the  voltage  applied  to  the  fre¬ 
quency  control  tube  grid  maintained 
constant,  the  variation  in  oscillator 
frequency  using  the  7F8  tube  was 
0.07  percent,  and  using  the  6SN7 
tube  the  oscillator  frequency  varia¬ 
tion  was  0.02  percent.  When  the 
heater  voltage  was  varied  from  6.3 
to  6.7  volts,  the  frequency  change 
uSing  the  7F8  tube  was  0.2  percent, 
and  using  the  6SN7  tube  it  was 
0.07  percent. 

The  7F8  tube  is  a  more  sensitive 
frequency  control  tube  than  the 
6SN7  but  it  has  a  correspondingly 
higher  sensitivity  to  the  effects  of 
plate  and  heater  voltage  variation. 
These  effects  of  heater  and  B-supply 
voltage  variation  are  the  combined 
effects  on  both  the  oscillator  and 
frequency  control  sections. 


In  ‘personal’  receivers,  “Walkie-Talkie’%  or  any  similar  equipment  where  space 
is  limited,  the  measurements  of  the  WW  Miniature  I.F.  Transformer  settle 
vour  layout  problem.  Miniature  in  all  but  performance,  they  give  yon  electronic 
reliability  in  small  compass.  Constructed  throughout  of  the  finest  materials, 
allied  to  up-to-the-minute  production  technique,  they  pass  rigid  routine  tests 
before  despatch.  Write  to-day  for  full  details  .  .  .  they’ll  interest  you.  Prompt 
deliveries  can  be  guaranteed. 


SPECIFICATION 

Primarily  designed  for  ose  with  valves  of  the 
I. R5, 1.T4  and  I.S5  Series.  High  gain  and  selec¬ 
tivity  with  stability  are  obtainable.  Permeability 
tuning  is  employed  with  enclosed  type  cores 
and  the  necessary  fixed  condensers  *  built  in*. 
Coils  are  impregnated  and  can  be  used  with 


confidence  in  the  tropics.  Available  in  the 
following  preferred  frequencies  with  various 
degrees  of  coupling 460  Kc/s,  1.6  Mc/s,  2.1 
Hc/s,  4.86  Mc/s.  The  response  curve  shown 
is  for  Type  M400  and  is  typical  of  the  whole 
series.  Nominal  frequency  is  460  Kc/s  but 
is  adjustable  from  420  to  530  Kc/s  approx. 


Temperature  Controller 

By  John  W.  Bancroft 
Detign  Engineer 

MinneapoHs-Honeywell  Regulator  Co. 
Minneapolit,  tfinn. 

The  electronic  temperature  con¬ 
troller  circuit  shown  here  maintains 
a  constant  temperature  in  the  air- 


WRIGHT  A  WEAIRE  LTD.,  GREAT  PETER  HOUSE.  2  LORD  NORTH  STREET. 
WESTMINSTER.  LONDON.  8.W.I.  ENGLAND.  CABLES:  WRITEWEA.  LONDON 


A  inis  Trade  Mark  is  weU-knowa  in  Britain  as  that  of  a  Company  who  are  responsible  for  tho  Deeign,  Development 
and  Manufacture  of  Transformers,  Vibrators,  Switches  and  Coils.  lliis  particular  component  of  real  miniature 
dimmsiooe,  yet  maintaining  highest  effieieney,  is  the  latest  development  of  their  Engineering  Dept,  and  is  baeked 
by  26  years  experience  in  the  manufacture  of  RaAo  and  EUeetronic  components. 
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federal  Telephone  and  Radio  Corporation 


DATA— TYPE  7C2G 


Frequency,  88-108  Megacycles 
(Max.  Output  up  to  150  Me) 
Maximum 

plate  dissipation  ....  1000  watts 

Filament  voltage . 9.0  volts 

Filament  current . 28.0  amp 

Amplification  factor . 22 

Mutual  conductance 

20,000  Umhos 

Cooling  air  requirements  at 

maximum  dissipation ...  75  cf  m 


Specify  These  Federal  Air  Cooled  Triodes 

3,000  and  10,000  Watts  per  pair  at  88  to  108  Megaqfcles 


LEADING  FM  STATIONS  all  over  the  country  report  that  these 
Federal  triodes  are  not  only  living  up  to— but  fax  exceeding— 
their  exacting  specifications,  in  day-after-day  performance  on 
the  job. 

'  lb  us  at  Federal,  such  service  records  are  no  stu-prise.  Be¬ 
cause  long  before  these  tubes  were  announced,  they  were  sub¬ 
jected  to  the  most  rigorous  and  exhaustive  development  tests  at 
the  factory— for  dependability,  permanence  of  characteristics, 
overload  capacity  and  long  life.  And  in  production,  every  tube  is 
checked  and  double  checked  all  along  the  line,  from  raw  mate¬ 
rials  to  finished  product,  to  assure  the  utmost  perfection  of  every 
detail.  For  complete  information,  write  today  to  Dept.  K-513. 


Frequency,  88-108  Megacycles 
(Max.  Output  up  to  110  Me) 
Maximum 

plate  dissipation ....  3000  watts 

Filament  voltage . 16.0  volts 

Filament  current . 29.0  amp 

Amplification  factor . 27 

Mutual  conductance 

20,000  Umhos 
Cooling  air  requirements  at 

maximum  dissipation  .  .  175  cfm 


1 

In  Canadot— Federal  Bectrlc  Menefectwrlng  Cemeeny,  ltd.  MontredC 

IxFert  Oitfribetertt— Intemirtienal  Standard  Bectrk  Cerp.  67  tread  St.,  N.  Y.  tg 

100  Khiqslaad  Rood, 

Cliftea,  New  Jersey 

1 
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TUBES  AT  WORK  (continutd) 

plane  cabin  by  raising  or  lowering 
the  heater  discharge  temperature 
according  to  cabin  demand  and  fluc¬ 
tuations  in  outdoor  temperature. 
The  system  measures  not  only  cabin 
air  temperature,  but  also  outside 
air  teinperature  and  heater  dis¬ 
charge  temperature,  and  keeps  them 
all  in  balance. 

The  temperature  controller  oper¬ 
ates  a  heat  control  valve  or  damper 
by  means  of  a  two-phase  reversible 
motor  which  is  an  integral  part  of 
the  unit.  This  motor  drives  the  bal¬ 
ancing  potentiometer  and  crank 
arm  through  a  gear  train.  One  field 
coil  of  the  motor  is  energized  by  one 
winding  of  the  transformer  through 
a  0.3-|u.f  capacitor  that  serves  to 


to, 000 


I2SL7GTJ 


Indicated  by  arrows; 


l2SL7GTj 

OUTSIDE  AIR 
COMPENSATOR 


LINEN  LAMITEX  precision  sprocket  lor  motion  picture  deTeloping  apparatus  is  used 
extensively  immersed  in  developing  hypos  without  aiiecting  its  dimensional  stability. 
High  mechanical  strength  of  small  teeth,  and  their  resistance  to  wear,  is  a  particular 
advantage. 

if  LINEN  LAMITEX  automotive  distributor  breaker-arm  not  only  provides  electrical  insula¬ 
tion  and  inherent  resistance  to  wear,  but  also  reduces  to  o  minimum  wear  of  com¬ 
panion  steel  cam. 

if  GRADE  XXX  LAMITEX  coil  forms  used  in  communication  and  radio  circuits  where 
Low  Moisture  Absorption  and  high  dielectric  strength  is  a  vital  factor. 

if  GRADE  XX  LAtQTEX  punched  base  for  automotive  cut-out  in  battery-generator  circuit. 
Provides  suitable  mechanical  and  high  dielectric  qualities  for  this  important  application. 


^DISCHARGE 

icOMPENSATOR 


I  MEG 
-AAA-i 
,4,700 


I2SL7GT, 


CABINSTAT 


Complete  circuit  of  cabin  temperature 
controller  operating  from  12-volt  vibrator- 
type  power  pack 

shift  the  voltage  across  that  field 
coil  approximately  90  degrees  out  of 
phase  with  the  transformer  voltage. 
The  other  field  coil  is  connected  be¬ 
tween  the  center  tap  of  another  sec¬ 
ondary  winding  and  ground. 

Both  cathodes  of  the  2C50  tube  in 
the  amplifier  are  also  grounded. 
The  plates  of  the  2C50  tube  are 
connected  to  the  two  ends  of  the 
same  transformer  winding,  and  are 
therefore  180  degrees  out  of  phase 
with  each  other.  The  grids  of  this 
tube  are  biased  to  cutoff  so  that  no 
current  flows  in  either  half  of  the 
tube  when  the  system  is  at  rest. 

The  control  bridge  is  energized 
by  a  third  winding  of  the  same 


....  In  Sheets,  Rods  and  Tubes,  Fabricated  or  Molded  Parts 

Low  moistur*  absorption  is  only  one  of  many  advantages  you  get  when  FRANKLIN'S 
LAMITEX  is  specified  for  your  )ob.  This  versatile  material  is  highly  machineoble.  or  if 
you  lack  the  proper  facilities  we  will  fabricate  the  parts  for  you.  Both  LAMITEX  and 
FIBRE  can  be  drilled,  tapped,  turned,  threaded,  pimched,  shaved,  bored,  reamed,  sowed, 
milled  or  completely  fabricated  into  automatic  screw  machine  parts. 

Seed  for  Catalog  Cootalalag  Comploto  Data 

ClMck  tiMS*  FRANKLIN  LAMITEX  Characteristiss 
•  High  dielectric  streegHi  •  Lew  power  factor  •  Low  moittere  obterptios  e  Remarkable 
dimeetioeal  stability  e  High  mechasical  streegth  •  Low  ce-elRcieet  of  tbermal  expasties  •  Low 
is  weight  (aboet  half  that  of  alemisum)  •  Uscrffected  by  selvests  and  oils,  most  organic  acids, 
dilste  mineral  acids  or  salt  solutions. 


FRANKLIN  FIBRE-LAMITEX  CORP. 

WILMINCTOM,  DEL.  .  1S7  LAFAYETTE  ST.,  NEW  VOIIK  IS 
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OR  HERE -IN  THE 


MANUFACTURING  DIVISION 


EITHER  WAY  .  . .  SHERRON  CAN 
SERVE  YOU  ALL  THE  WAY. .  . 


Sherron  is  set  to  mesh  gears  with  your 
production  program  at  any  level . . .  research, 
design,  development  and  —  or  manufacturing. 

Our  laboratory,  particularly,  is  a  highly 
developed  facet  of  our  service.  The  premises 
that  assure  manufacturing  practicability  are 
established  here.  The  equipment  used  in  this 
laboratory  is  the  last  word  in  electronic 


research  apparatus  .  . .  and  every  laboratory 
worker  is  a  thoroughly  seasoned  physicist, 
alert  to  the  most  advanced  techniques. 

The  same  complete  operation,  which  has  allied 
Sherron  with  some  of  the  foremost  electronics 
manufacturers,  is  available  to  a  few  additional 
manufacturers . . .  Write  for  particulars  of  our 
deflnitive  service  to  electronics  manufacturers. 


Sherron.  | 

Electronics  | 

SHERRON  ELECTRONICS  CO. 


MvUien  of  Shorren  MofallU  Corporation 

1201  FLUSHING  AVENUE  •  BROOKLYN  6,  NEW  YORK 
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THOMAS  &  SKINNER 

STEEL  PRODUCTS  COMPANY 


THOMAS 

SKIISIVER 


3V6%  CHROMIUM 
6%  CHROMIUM 
6%  TUNGSTEN 
3%  COBALT 
17%  COBALT 
37%  COBALT 
CUNIFE 
CUNICO 


ALNICO  I 
ALNICO  II 
ALNICO  III 
ALNICO  IV 
ALNICO  V 
ALNICO  VE 
ALNICO  VI 
ALNICO  XII 


COMOL  (Remalloy) 


Every  one  of  these  permanent  magnet  materials  is 
different.  And  every  one  of  them  is  "best"  in  some 
specific  application — because  it  is  the  one  material 
which  will  meet  all  performance  requirements  at  the 
least  material  and  fabrication  cost.  These  are  17  good 
reasons  for  dealing  with  Thomas  &  Skinner — because 
Thomas  &  Skinner  supplies  magnets  in  all  these  ma> 
terials — cast,  formed  or  sintered. 

The  18th  good  reason  is  the  simple  fact  that  Thomas 
&  Skinner  Steel  Products  Company  has  the  longest 
record  of  service  in  the  permanent  magnet  industry — 
46  years.  And  nowhere  is  experience  of  greater  value 
than  in  the  design  and 
fabrication  of  permanent 

Write  for  the  new  tech- 
bulletin:  "Use,  Design 
and  Fabrication  of  Per- 
manent  Magnets."  Just  fill 

out  and  mail  the  coupon.  J 


Ptaas*  sand  naw  Parma- 
nani  Magnat  Catalog 

Plaaia  have 
talas  engineer  call 


COMPANY. 


11 22  EAST  23rd  STREET,  INDIANAPOLIS,  INDIANA 


as  engineered 
cased  in 


TUBES  AT  WORK 


(continued) 


transformer,  and  the  signals  pro¬ 
duced  by  any  unbalance  of  the 
bridge  are  therefore  in  phase  with 
one  or  the  other  of  the  two  plates  of 


Aircroit  cabin  temperature  controller,  with 
damper  motor  at  left  on  chassis 

the  2C50  tube,  depending  on 
whether  more  or  less  heat  is  de¬ 
manded.  These  signals,  applied  to 
one  grid  of  one  12SL7  tube,  are 
amplified  twice  by  this  tube  and 
once  by  the  other  12SL7  (of  which 
one  half  serves  as  a  rectifier),  then 
applied  to  both  grids  of  the  2C50 
tube. 

The  action  of  the  2C50  tube  is 
to  pass  current  in  half-wave  pulses 
through  whichever  plate  is  in  phase 
with  the  signal.  Since  the  motot 
field  coil  is  in  both  plate  circuits, 
reversal  of  the  phase  of  the  signal 
shifts  the  voltage  across  the  am¬ 
plifier-controlled  motor  winding 
180  degrees  and  produces  corre¬ 
sponding  reversal  of  motor  rotation. 


CITIZENS  RADIO 


ou”ne)Ct  door^coKivenience 
laHih  ail  (jour  3uff\iers 


ELECTRON  ART 

(continuad  from  p  144) 

techniques  (Electronics  p  216  Dec 
1946)  is  available  through  the  De¬ 
partment  of  Commerce.  To  call  at¬ 
tention  to  technical  and  business  in¬ 
formation  facilities  that  this  de¬ 
partment  maintains  for  the  benefit 
of  small  industries  and  to  promote 
full  production  and  employment, 
some  of  the  activities  of  the  De¬ 
partment  of  Commerce  are  outlined 
below. 

Divisions  of  Department  of 
Commerce 

The  Dept  of  Comm  is  divided  into 
several  offices  and  bureaus  some  of 
which,  such  as  the  Coast  and  Geo¬ 
detic  Survey  and  the  Weather  Bu¬ 
reau  perform  essential  but  indirect 
national  services,  and  others  that 
serve  industry  and  commerce  di¬ 
rectly.  Those  offices  most  likely  to 
directly  interest  readers  are  listed 
below.  Some  of  the  divisions  are 
well  known  and  therefore  their  ac¬ 
tivities  will  only  be  mentioned 
briefly. 

Office  of  Technical  Services 
was  officially  organized  the  first  of 
July  1946.  It  collects  and  distrib¬ 
utes  scientific  and  technical  infor¬ 
mation  of  interest  to  domestic  busi¬ 
ness.  More  about  this  office  is  given 
below. 

Office  of  Information  is  a  gen¬ 
eral  clearinghouse  for  the  depart¬ 
ment.  It  distributes  economic,  sci¬ 
entific,  and  technical  information 
resulting  from  research  and  analy¬ 
sis  in  the  various  other  branches  of 
the  department. 

Civil  Aeronautics  Authority 
operates  through  the  Civil  Aero- 
anutics  Administration,  which  de¬ 
velops,  installs,  and  operates  avi- 
gational  facilities  for  airways  and 
airfields,  and  the  Civil  Aeronautics 
Board,  which  regulates  safety  meas¬ 
ures,  air  traffic  and  transportation, 
and  investigates  accidents. 

Bureau  of  Foreign  and  Domes¬ 
tic  Commerce,  through  its  several 
offices,  offers  businessmen  domestic 
and  foreign  statistics  on  business 
trends.  Monthly,  quarterly,  and  an¬ 
nual  reports  are  published.  The  de¬ 
partment  serves  chiefly  those  busi¬ 
nesses  too  small  to  support  their 
own  market  research,  procurement, 
and  economic  advisory  departments. 

National  Bureau  of  Standards 
performs  fundamental  research  in 
science  and  engineering,  is  cus- 


It  doesn’t  matter  where  the  supplies  and  replacement  parts 
you  need  are  located.  They  can  be  delivered  to  vou  in  hours 
when  you  specify  Air  Express.  Air  Express  gives  you  same- 
day  delivery  between  many  towns  and  cities.  Even  overnight 
coast-to-coast  shipments  are  now  routine. 

Air  Express  is  a  better  value  than  ever  at  today’s  low  rates. 
Planes  are  bigger  and  faster  and  schedules  more  frequent. 


•  Low  rates  include  special  pick-up  and  delivery  in  principal  U.S. 
towns  and  cities.  •  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  of!-airline  offices. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  local  Air  Express  Division,  Railway  Express  Agency, 
for  fast  shipping  action.  .  .  .  Write  today  for  Schedule  of  Domestic 
and  International  Rates.  Address  Air  Express,  230  Park  Avenue, 
New  York  17.  Or  ask  for  it  at  any  Airline  or  Railway  Express  Office. 
Air  Express  Division,  Railway  Express  Agency,  representing  the 
Airlines  of  the  United  States. 


Rates  are  low 

For  example:  to  Air  Express 
a  22-lb.  shipment  1100  miles 
costs  only  $7.43.  10-lbs.  for 
$3.58.  Other  weights— any  dis¬ 
tance  —  similarly  inexpen  uve. 
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^  ANACONDA  WIRE  AND  CABLE  COMPANY 


Lead-In  Lines  Play  an  Important 
Part  in  Television  Reception 


The  effects  of  attenuation  and  impedance  mismatch 
on  FM  and  Television  reception  are  minimized  by 
Anaconda  Type  ATV*  lead-in  lines. 

The  satin-smooth  polyethylene  insulation  of  Type 
ATV  line  sheds  water  readily,  thus  avoiding  subse¬ 
quent  impedance  discontinuities.  This  material  also 
has  exceptionally  high  resistance  to  corrosion.  Count 
on  Anaconda  to  solve  your  high-frequency  transmis¬ 
sion  problems— with  anything  from  a  new-type  lead-in 
line  to  the  latest  development  in  coaxial  cables  .  4:i3» 

Anaconda  Trade-Mark 


A  Type  ATV  Lead-In 
for  Every  Need  ^ 


Anaconda  offers  a  complete  selection  of  Type  ATV 
lead-in  lines  for  75,  125,  150  and  300  ohms  imped¬ 
ance  unshielded  and  150  ohms  shielded.  For  an 
electrical  and  physical  characteristics  bulletin,  write 
to  Anaconda  Wire  and  Cable  Company,  25  Broad¬ 
way,  New  York  4,  N.  Y. 
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ELECTRON  ART  (continutd) 

todian  of  national  standards  of 
measurements,  develops  and  im¬ 
proves  methods  of  testing  and  in¬ 
specting,  and  prepares  codes  for 
materials. 

Patent  Office  administers  the 
patent  Taws,  examines,  issues,  and 
classifies  patents.  It  publishes  a 
weekly  Official  Gazette  (annual  sub¬ 
scription  $16  from  the  Superintend¬ 
ent  of  Documents,  Grovemment 
Printing  Office)  and  prints  full  cop¬ 
ies  of  all  patents  ($0.25  each  from 
the  Commissioner  of  Patents,  Pat¬ 
ent  Office),  maintains  a  Register  of 
Patents  Available  for  License  in 
which  are  listed  those  patents  that 
patentees  will  grant  licenses  for  or 
sell  on  reasonable  terms,  and  main¬ 
tains  a  Scientific  Library  and  Read¬ 
ing  Room  open  to  the  public  in 
which  are  books  and  bound  volumes 
of  periodicals  devoted  to  science  and 
technology,  official  journals  of  for¬ 
eign  patent  offices,  and  copies  of 
domestic  and  foreign  patents. 

Office  of  Technical  Services 


Functions  of  most  divisions  of 
the  Dept  of  Comm  are  familiar,  but 
the  activities  of  the  Office  of  Tech 
Services,  being  the  youngest  divi¬ 
sion  of  the  department,  may  not  be 
known.  The  Office  of  Tech  Services 
is  the  focal  point  for  collection  and 
dissemination  of  scientific  and  tech¬ 
nical  information  of  value  to  the 
American  business  community.  It 
consists  of  five  divisions. 

Technical  Industrial  Intelli¬ 
gence  Division  studies  enemy 
scientific,  technical,  and  industrial 
developments  and  processes,  selects 
and  reports  on  the  more  valuable 
ones,  and  transfers  the  information 
into  appropriate  domestic  channels. 
Currently  some  200  investigators 
are  in  Germany  culling  material  of 
interest  to  American  industry. 

Bibliographic  and  Reference 
Division  disseminates  material 
gathered  by  the  Tech  Ind  Intell 
Div  and  other  similar  contributing 
agencies,  and  releases  to  industry 
declassified  wartime  tecnological  de¬ 
velopments,  such  as  papers  on 
atomic  energy  (ELECTRONICS  p  154 
March  1947),  that  were  financed  or 
sponsored  by  the  federal  govern¬ 
ment;  reports  are  listed  weekly  in 
the  Bibliography  of  Scientific  and 
Industrial  Reports  (annual  sub¬ 
scription  $10  from  Superintendent 


iust  like  an  Adlake  Relay 


Silent,  positive  action  is  just  one  of 
many  Adlake  Relay  advantages! 

Other  important  ones  are; 

•  Hermetically  sealed  contact  mecha¬ 
nism — impervious  to  dust,  dirt  and 
moisture. 

•  Liquid  mercury-to-mercury  contact 
— no  burning,  pitting  or  sticking. 

•  Armored  against  outside  vibration 
or  impact — designed  for  either  sta¬ 
tionary  or  moving  equipment. 

Remember,  whatever  your  relay  needs 
may  be,  there’s  an  Adlake  Relay  to  do 
the  job.  So  write  today  for  free,  illus¬ 
trated  folder.  No  obligation,  naturally. 
Address:  The  Adams  &  Westlake  Com¬ 
pany,  1107  N.  Michigan,  Elkhart,  Ind. 


ADLAKE  RELAY  MODEL  NO.  1040 


E«tabli«h*d  1157  •  ELKHART,  INDIANA  •  N«w  York  •  Chicago 
Monwfocturor*  of  Adloko  Hormofically  Soalod  Morcwry  Relays  for  Timing,  Load  and  Control  Circuits 
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^*FOR  WOVEN  TAPES,  TUBINGS,  SLEEVINGS,  CORDS,  CLOTHS,  OF 

'  fibergUs  yarn  for  every  electrical  insulation  requirement 


MIRAGLAS  Fibarglas  INSULATIONS  hav*  an 
amazing  background  of  uso  throughout  industry 
— whorovor  usod  thoy  foaturo  fowor  break¬ 
downs,  loss  maintonanco,  elimination  of  woste, 
savings  in  labor  and  materials  and  prove  their 
standing  as  the  optimum  in  electrical  insulation 
protection. 

Take  note  of  the  name  MIRAGLAS  .  it  stands 
for  the  ultimate  in  Fiberglas  electrical  insula¬ 
tions  . . .  TAffS,  TUUNOS,  SltfVINOS,  CORDS,  aOTHS, 
fTC.  Write  today  for  details  and  characteristics. 


MITCHEIL-RAND,  using  Owens  Coming  Fiber- 
glas  yam,  processes  and  fabricates  TAPES,  TUR- 
INOS,  SLEEVINGS.  CORDS  and  CLOTHS  that  are  the 
optimum  in  electrical  insulation  .  .  marketed 

under  the  trade  name  MIRAGLAS,  they  protect 
electrical  equipment  from  the  destructive  forces 
thot  play  havoc  with  ordinary  electrical  insulo- 
tions;  overloading,  extreme  high  or  low  temper, 
atures,  moisture,  corrosive  acids,  fumes  or 
vapors,  oils,  grocrae,  dust  and  dirt. 


A  PARTIAL  LIST  OF  M-R  PRODUCTS:  FIBFRGIAS  VARNISHED  TUBING,  TAPE  AND  CLOTH  •  INSULATING  Pabeps 
AND  TV/INES  •  CABLE  FILLING  AND  POTHEAD  COMPOUNDS  •  FRICTION  TAPE  AND  SPLICE  •  TRANSFORMER  COM 
POUNDS  •  FIBERGLAS  SATURATED  SLEEVING  •  ASBESTOS  SLEEVING  AND  TAPE  •  VARNISHED  Ca.mBRIC  CLOTH  AND 
TAPE  •  MICA  PLATE,  TAPE,  PAPER,  CLOTH,  TUBING  •  FIBERGLAS  BRAIDED  SLEEVING  •  COTTON  TAPES,  WEBBINGS  and 
SiEEVINGS  •  imPREGNA''D  VARNiSH  TUBING  •  INSULATED  VARNISHES  OF  All  TYPES  •  EXTRUDED  PLASTIC  TUBING 
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of  Documents,  Government  Print¬ 
ing  Office)  for  which  a  cumulative 
index  has  recently  been  issued. 
Photostatic  or  microfilmed  copies 
of  the  reports  can  be  obtained  at 
cost  through  the  Dept  of  Ck)nun, 
Office  oi  Tech  Services. 

Inventions  and  Engineering 
Division  consists  of  engineering 
and  industrial  specialists  who  assist 
inventors  in  protecting  and  devel¬ 
oping  their  devices,  bring  together 
inventors,  researchers,  and  poten¬ 
tial  manufacturers,  and  also  furnish 
business  with  results  of  research 
and  manufacturing  experience. 

Industrial  Research  and  De¬ 
velopment  Division  negotiates 
technical  and  scientific  contracts 
with  government,  university,  pri¬ 
vate  nonprofit,  and  industrial  lab- 
orafories  for  projects  that  business 
is  unable  to  sponsor  and  the  suc¬ 
cessful  culmination  of  which  will 
benefit  all  or  part  of  the  nation. 

Information  Staff  disseminates 
the  knowledge  developed  within  the 
Office  of  Tech  Services  and  other 
governmental  departments  and 
friendly  foreign  nations  when  such 
information  has  practical  applica¬ 
tion  in  business  and  industry. 

These  services  are  maintained  for 
you  at  your  expense  in  the  interest 
of  promoting  national  industrial 
health.  Their  effectiveness  depends 
on  the  extent  to  which  you  use 
them.  In  case  you  have  forgotten, 
they  all  have  main  offices  in  Wash¬ 
ington  25,  D.  C.;  checks  should  be 
made  payable  to  the  Treasurer  of 
the  United  States. 


to  meet  many  problems 


wUR  reputation  for  superior  windings 
is  based  upon  30  years  of  specialization 
. . .  upon  "know  how",  skill,  close  super¬ 
vision  and  the  most  modern  equipment. 

*  We  have  served  and  are  serving  many 
manufacturers  of  electrical  and  electronic 
equipment  whose  requirements  are  most 
exacting.  Whatever  your  coil  winding  re¬ 
quirements  may  be,  we  shall  be  glad  to  quote! 
Just  send  us  your  specifications. 


Optical  Techniques  for  Im¬ 
proving  Television  Pictures 

Projection  television  receivers 
for  the  most  part  make  use  of  the 
Schmidt  optical  arrangement  of  a 
large  concave  spherical  mirror  to 
gather  and  reflect  light  from  a  cath¬ 
ode-ray  tube  and  an  aspheric  cor¬ 
rector  plate  (lens)  to  compensate 
for  spherical  aberration  introduced 
by  the  mirror.  These  optics  are  now 
being  produced  in  quantity  by  the 
American  Optical  Co. 

A  14-in.  diameter  mirror  is  used 
with  a  5-in.  diameter  picture  tube 
to  produce  on  the  screen  a  picture 
about  18  by  24  in.  The  concave 
face  of  the  mirror,  having  a  radius 


COTO-COIL  CO.,  INC 

65  PAVILION  AVE.  PROVIDENCE  5.  R.  I 

SPECIALIST  SINCE 
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for  Peak  Performance 
of  FM  and  Television 
Receivers 


here’s  a  new  HF  cable  that  will  keep  your  FM  and  'Iblevision  receivers 
working  at  peak  p>erfonnance— free  from  locally-induced  interference,  even 
in  the  most  adverse  locations.  Where  the  performance  of  such  costly 
equipment  is  at  stake,  it  will  pay  you  to  specify  Federal’s  KT51— the 
finest  high  frequency  lead-in  cable  available.  More  costly— but  'worth 
more! 

The  twisted,  dual-conductor  cable  cancels  any  noise  or  signals  not 
stopped  by  the  double  braided  shields . . .  because  it’s  electrically  balanced 
and  stays  that  way  in  service,  in  any  position.  It’s  a  rugged  cable,  tpo— 
remarkably  resistant  to  abrasion,  acids,  alkalies,  oils  and  greases,  as  well 
as  smoky  atmospheres  and  weather. 

Don’t  let  the  lead-in  wire  be  the  “weak  link’’  in  otherwise  perfect 
equipment.  Be  sure  it’s  KT51— the  HF  cable  with  the  “right  twist”  to 
assure  interference-free  operation.  For  complete  details,  write  to  Dept. 
D-613. 

ELECTRICAL  CHARACTERISTICS 

Nominal  Attenuation  (db/100  ft.)  Maximum  Capacity  Unbalance . 

Frequency  Attenuation  Nominal  Characteristic  Impedance  (ohms) . 9 

10  me .  0.9  Nominal  Capacitance  per  ft.  (uuf) . 1 

30  me .  1.7  Volts  (rms) . 200 

100  me .  3.6 

300  me .  7.0  '  > 

400  me . 10.0 


Federal  Telephone  and  Radio  Corporatiort 


100  Kia^sload  Road, 
Cliftea,  New  Jersey 
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Another  Astatic  FIRST  for  im¬ 
proving  the  clarity  and  beauty 
of  Phonograph  Reproduction 


Astatic 

Patents 

Pending 


Glass  correcting  plates  for  (^tical  systeras 
were  ground  to  shape  by  hand:  they  are 
now  shaped  by  a  dropping  technique 

of  13.7  in.,  is  ground  and  polished 
on  semiautomatic  generating  and 
polishing  equipment.  The  surface 
is  aluminized  to  increase  its  reflec¬ 
tivity  and  the  aluminum  surface 
coated  by  a  protective  material  such 
as  magnesium  fluoride  or  quartz  to 
prevent  corrosion  should  the  tele¬ 
vision  receiver  be  used  in  a  locale 
having  adverse  atmospheric  condi¬ 
tions.  The  aluminum  and  film  are 
applied  in  a  vacuum  chamber  by 
evaporation.  These  mirrors,  made 
for  projection  television  receivers, 
are  the  largest  so  far  attempted 
commercially  in  quantity. 

Aberrations  caused  by  the  mirror 


•  With  siiriace  noise  and  needle  talk  | 

VASTLY  reduced  by  the  revolutionary 
type  needle  mounting  and  design 
of  this  new  cartridge,  the  proverbial 

*  mouse  would  lose  his  reputation  for 
quietness  by  comparison.  Increased 

I  vertical  os  well  as  lateral  compliance 
of  the  replaceable  needle  used  in  the 
"QT'  Cartridge  has  resulted  in  a  great 
reduotton  in  acoustic  noises,  which,  together  | 
with  an  extremely  low  order  of  distortion,  insures 
clearer,  cleaner,  and  therefore  more  enjoyable 
"quiet  talk"  phonograph  reproduction.  The  "QT" 
Cartridge  is  being  extensively  used  in  new 
equipment  installations.  Two  models  are  avdil- 
I  able,  "QT-M"  with  precious  metal-tipped  stylus 
I  and  "QT-J"  with  jewel  point. 


Prveieut 
M«tal-Tipp*d 
Naadia  u«ad 
id  ''QT-M” 
Cartridga 


Jawal  Tippad 
Naadia  usad 
in  “QT-J” 
Cartridga 


Cartridge  Models  "QT-M"  and  "QT-J"  have  the  fol¬ 
lowing  specifications:  Minimum  Needle  Pressure.  1-1/4 
OS.;  output  voltage  .75,  average  at  1,000  c.  p.  s.  on 
Audiotone  78-1  freguency  test  record;  cutoff  frequency, 
5,000  c.  p.  s.;  terminals,  pin  type. 


Spherical  mirrors  for  projection  television 
receivers  are  aluminised  by  evoproration 
in  vacuum  chambers 

that  is  used  to  enlarge  images  are 
corrected  by  an  aspheric  lens. 
Whereas  plastics  had  been  used  for 
this  lens  because  of  the  difficulty  of 
generating  its  surface,  the  9.5-in, 
corrector  plate  is  made  of  glass.  A 
flat  blank  is  heated  until  it  flows 


Copyright  Aitatic 
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THREE  CORE  SOLDER 
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U.S.A.  enquiries  to 


H  INDUSTRIES  CORP.,  315,  Broadway.  New  York  7,  N.Y. 


Canadian  enquiries  to 

SNI-DOR  RADIOLECTRIC  LTD.,  455  Craig  Street  West.  Montreal 


Enquiries  regarding  other  territories  to 

MULTICORE  SOLDERS  LTD.,  Mellier  House,  Albemarle  Street,  London.  W  I  England. 
Tel.;  REGentMII.  Cables:  Dustickon,  Piccy.  London 


struction  ensures  flux  continuity 
and  the  correct  profjprtion  of 
flux  to  solder.  If  you  would 
like  to  know  more  about  Ersin 
Multicore  please  write  to  us  for 
detailed  technical  information. 


SiN  MULTICORE  SOLDER  GIVES  YOU  HIGH  SPEED 
PRODUCTION  -  THE  SECRET  IS  IN  THE 
IN  FLUX  (EXCLUSIVE  TO  MULTICORE)  COMBINED 
H  MULTICORE  CONSTRUCTION. 


Ersin  Multicore  Solder  is  made  as  standard 
in  gauges  between  10  and  22  S.W.G.  (•128  — 
028  ins.,  3-251  — -Tllmm.)  and  in  five 
standard  antimony  free  alloys.  Other 
gauges  or  alloys  can  be  supplied  to  order. 
Only  the  finest  tin  and  lead  are  used  in  the 
manufacture  of  Ersin  Multicore  Solder. 
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By  maintaining  even  more  rigid  standards  than  ever 
before  in  our  manufacturing  and  inspection  we  offer 
you  exceptional  resistors— exceptional  in  their  rugged  and 
dependable  performance  and  long  life. 

We  show  here  3  of  our  standard  types— a  fixed;  an  ad¬ 
justable;  and  our  flat  type  Blue  Ribbon — the  first  resistor 
made  to  depart  from  the  conventional  tubular  form. 

As  one  of  the  oldest  manufacturers  of  resistors  and  rheo¬ 
stats  we  offer  exclusive  advantages  in  many  types;  and  an 
engineering  service  that  is  always  at  your  call.  Write  us 
today. 

HARDWICK,  HINDLE,  ing 

Rheostats  and  Resistors 

Subsidiary  of 

THE  NATIONAL  LOCK  WASHER  COMPANY 

NEWARK  5,  N.  J.  Established  1886  U.  S.  A. 


Large  mirrors  are  groimd  oad  polished  to 
the  required  spherical  contour  used  in  the 
Schmidt  projection  system 

into  the  curved  surface  of  a  refrac¬ 
tory  mold  to  which  the  glass  does 
not  adhere.  The  lens  is  then  re¬ 
moved  and  polished,  giving  stable 
surfaces  less  affected  by  tempera¬ 
ture  and  abrasion  than  that  of  a 
pressed  plastic  plate.  Correcting 
lenses  of  this  type  were  widely  used 
in  military  infrared  night  viewing 
devices. 

To  further  improve  quality  of  the 
projected  television  picture,  the 
face  of  the  cathode-ray  tube  is 
coated  as  are  lenses  to  reduce  sur¬ 
face  reflection.  The  coating  need 
not  be  applied  in  vacuum  chambers 
as  done  previously.  The  coating 
reduces  false  images  produced  by 
reflections  from  the  outer  surface 
of  the  face  of  the  crt  and  increases 
the  transmitted  light  available  for 
producing  the  picture.  As  applied 
to  a  directly  viewed  crt,  the  coating 
reduces  reflections  in  the  glass  face 
of  the  tube  produced  by  lights  in 
the  room  in  which  it  is  viewed. 

Multireflection  Klystron 

Development  of  the  velocity  modu¬ 
lated  oscillator  tube  has  progressed 
from  the  original  drift  tube  type  to 
the  reflex  type.  In  the  reflex  type, 
the  electrons,  after  being  velocity 
modulated  by  passing  through  the 
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The  1 -millihenry  loroidially 
wound  standard 


This  variable  induclar  allows  a 
final  inductance  balance  inde¬ 
pendent  of  the  resistive  balance 


FROM  0.1  MICROHENRY*  TO  1  HENRY 


The  Type  667-A  Inductance  Bridge  is  widely  used  in  the 
laboratory  and  in  production  for  precision  measurements 
of  the  inductance  of  coils.  It  employs  a  standard  bridg 
circuit  with  a  number  of  unique  design  features  which 
make  it  direct-reading,  with  high  accuracy  and  con 


venience. 


FEATURES 


•  DIRECT  READING  hrpm  0.1  microhenry  to  1  henry. 


•  HIGH  ACCURACY  —  ±0.2%  or  ±0.1  tih  over  major  ponion  of 


Its  range 


•  RANGE  can  be  extended  considerably  with  external  standards. 


•  CALIBRATED  for  1  kc  use  —  can  be  used  at  frequencies  between 
60  cycles  and  10  kilocycles  with  less  acciuracy 


•  VARIABLE  RESISTORS  in  standard  and  unknown  arms  inductance 


compensated  to  give  constant  inductance. 


•  ERRORS  from  sliding-zero  balance  have  been  eliminated. 


•  INDUCT ANCE  BALANCE  independent  of  resistive  balance. 


•  STANDARD  INDUCTOR  toroidially  wound  to  minimize  mag 
netic  pick-up 


•  WITH  AUXILIARY  VARIABLE  CONDENSER  can  be  converted  into 


a  resonance  bridge  —  one  of  the  most  precise  measuring  tech¬ 
niques  for  determining  resistance  of  inductors  at  audio  frequencies. 
•  All  four  comers  of  the  bridge  available  on  panel.  Bridge  elements 
can  be  used  to  form  a  number  of  other  circuits. 


PftICS:  Type  667*A  Inductance  Bridfe  $400iX) 


( Acccttories  needed  are  oscillator,  amplifier  and  head  edephones) 

NOTE  —  A  few  in  stock  for  immediate  shipment 

ORDER  NOW! 


GENERAL  RADIO  COMPANY 

90  West  St.,  New  York  6  920  S.  Michigan  Ave.,  Chicago  5  950  N.  Highland 


Cambridge  39, 
Massachusetts 

Ave.,  Los  Angeles  38 
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modulator  as  shown  in  Fig.  1, 
instead  of  continuing  liner^y  for¬ 
ward  in  a  field-free  drift  space 
until  the  velocity  modulation  has 
converted  itself  into  density  modu¬ 
lation  and  then  passing  through  an 
inductor  to  release  theii  energy, 
pass  into  a  retarding  electrostatic 
field  so  that  they  return  to  the 
modulator,  which  thus  acts  also  as 
inductor,  to  give  up  their  energy. 
After  this  second  passage  through 
the  r-f  field,  the  electrons  leave  Jthe 
system  by  dispersion  to  the  elec¬ 
trodes.  In  the  multireflection  tube, 


FIG.  1 — At  the  top  is  shown  the  cross 
section  of  a  reflex  velocity  modulation 
tube.  Below  is  the  potential  distribution 
between  electrodes 

the  electrons  are  retained  in  the 
system  and  repeatedly  returned 
through  the  r-f  field  so  as  to  release 
a  greater  portion  of  their  energy 
and  thus  produce  higher  efficiency 
than  is  possible  in  simpler  velocity 
modulation  tubes.  This  multireflec¬ 
tion  is  obtained  by  proper  shaping 
of  the  electrostatic  field  of  the 
reflex  tjrpe  tube. 

Conditions  for  Multirefisetion 

Efficiency  of  velocity  modulated 
tubes  is  dependent  on  two  factors: 
the  ratio  of  r-f  current  induced  into 
the  modulator  by  the  density  modu¬ 
lated  beam  (output) ,  or  the  equiva¬ 
lent  component  of  r-f  current  in  the 
beam  itself,  to  the  unmodulated 
beam  current  (input) ;  and  the 
ratio  of  r-f  potential  across  the 
modulator  to  the  electrostatic 
potential  between  modulator  and 
cathode. 

The  first  ratio  can  be  made  a  max¬ 
imum  if  transit  time  of  all  elec¬ 
trons  retarded  by  the  modulator  is 
the  same  and  if  transit  time  of  all 
electrons  accelerated  by  the  modu- 
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With  this  instrument  it  is  possibie  to  quickiy  and  accurateiy 
analyze  and  service  equipment  in  different  locations  without 
fuss  in  time  consuming  demounting  and  transportation  of 
apparatus.  It  will  thus  pay  for  itself  in  a  short  time  and  no 
modern  radio  station  can  afford  to  be  without  it.  It  can  also 
be  used  to  good  advantage  in  factory  checking  and  inspec¬ 
tion  of  audio  equipment. 

The  set  combines  in  a  modern  efficient  manner  an  accurate 
vacuum  tube  voltmeter,  an  audio  oscillator  with  four  fixed 
frequencies  and  a  precision  attenuator  ail  mounted  in  a 
handy  cabinet  easily  carried  by  the  operator. 


•  OAlNt  Up  le  10  db. 

•  lOSSt  eO  db<  MaxiMWM. 

•  VACUUM  TUBE  VOLTMETER: 

Rang*— 40  to  •fdO  db. 
(1  MV.  raf.  lovol) 

•  AUDIO  OSClUATORi 

Proq.  Rengai  100  la 
10.000. 


PRECISION  ATHNUATOR: 
Plat  la  20  KCi  93  db. 
in  J  db.  slaps. 
DIMENSIONS: 

1016*  X  1616*  I  •%* 

WEIOHT:  30  lbs. 

INPUT:  115  Volts. 

60  qrdos.  70  walls. 


aiM 


337  CENTRAL  AVE.  .  JERSEY  CITY  7  N, 


There  are  too  many  hands 

and  too  many  tools  in  this  picture 


CC^^^dC^,»one  hand  and  one  tool 
do  your  fastening  job  better! 


CHERRY  BLIND  RIVETS  reduce  pounding  hours 
to  fleeting  minutes.  There's  no  hammering  or 
bucking  because  they  are  installed  with  a  eon- 
trolled  pull  from  one  side  of  the  work  only. 


A  SIMPLE  ONE-HAND  OPERATION  vs.  a  tough 
two-man  job.  Installing  a  Cherry  Blind  Rivet  is  a  fast, 
one-hand  operation  requiring  only  three  simple  steps: 
(1)  inserting  rivet  in  hole;  (2)  engaging  the  rivet;  (3) 
actuating  the  gun.  This  adds  up  to  speed,  speed,  speed 

TIGHT,  STRONG  JOINTS  —  Cherry  Blind  Rivets 
have  (a)  greater  shank  expansion  and  (b)  greater 
allowable  variance  in  material  thickness  .  .  .  than 
any  other  blind  fastener.  This  means  uniformly  tight, 
strong  jdints  under  actual  shop  conditions  where  hole 
sizes  and  sheet  thicknesses  cannot  always  be  con¬ 
trolled  closely.  ^  • 

CHERRY  RIVET  USERS  know  what  low-cost,  secure 
fastening  really  is.  Cherry  Rivets  have  no  substitute 
for  blind  or  hard-to-reach  spots  .  .  .  and  any  fasten¬ 
ing  job,  blind  or  otherwise,  is  finished  in  less  time 
with  less  cost. 


G«t  this  Cherry  illustrated  manual.  Write  to  Dept.  F-120, 
Cherry  Rivet  Co.,  231  Winston  St.,  los  Angeles  13,  Calif. 
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TELEXinc 


ELECTRO-ACOUSTIC  DIVISION 
TELEX  PARK 
Minneapolis,  Minn. 


ELECTRON  ART  (conllnuRd) 

lator  is  also  the  same  and  a  half 
period  longer  than  that  for'  the 
retarded  electrons  (ideal  bunching). 
Best  results  are  obtained  when  the 
transit  time  of  retarded  electrons 
is  three  to  five  half  periods.  Such 
transit  times  result  in  pulses  of 
current  passing  back  through  the 
modulator  in  the  proper  phase  to 
release  energy  to  the  r-f  field. 

The  second  ratio  can  be  made 
large  by  repeatedly  passing  the 
velocity  modulated  electrons  back 
and  forth  through  the  region  of  r-f 
field  so  that  they  develop  as  large 
an  r-f  potential  as  possible.  How¬ 
ever,  density  modulation,  produced 
by  the  first  reflection  of  the  beam, 
must  not  be  destroyed  by  subse¬ 
quent  reflections.  That  the  bunches 
could  become  dispersed  is  apparent 
when  it  is  realized  that,  although 
electrons  are  grouped  closely  to¬ 
gether  in  a  bunch,  they  are  travel¬ 
ing  at  widely  different  velocities 
so  that,  in  time,  they  will  drift 
apart. 

Only  if  the  electrostatic  reflect¬ 
ing  potential  on  either  side  of  the 
resonator  increases  with  the  square 
of  the  distance  from  the  modulator- 
inductor  will  electrons  be  returned 
through  the  resonator  in  a  bunch. 
In  such  a  field  the  period  of  the  indi¬ 
vidual  electrons  is  independent  of 
their  velocities  at  the  center  of  the 
force  (resonator).  That  is,  elec¬ 
trons  execute  simple  harmonic 
motions  of  amplitudes  independent 
of  their  instantaneous  velocities 
through  the  resonator,  but  of 
identical  periods. 

Such  a  hyperbolic  field  would  be 
difficult  to  obtain,  but  can  be  approx¬ 
imated  as  shown  in  Fig.  1.  With 
such  a  field  initial  bunching  neces¬ 
sary  for  tube  operation  would  not 
be  retained,  each  electron  merely 
returning  through  the  inductor  at 
a  changed  velocity  but  without 
being  closer  to  its  neighbor  than 
when  it  first  passed  through  the 
modulator.  However,  accelerated 
electrons  will  pass  further  into  the 
reflecting  field  than  retarded  ones. 
Therefore  an  additional  reflecting 
field  is  added  beyond  that  required 
for  reflection  of  the  unaccelerated 
electrons.  The  additional  field  is  so 
proportioned  that  electrons  enter¬ 
ing  it  are  delayed  the  prerequisite 
half  period  before  returning.  In 
this  manner  optimum  beam  current 
distribution  is  produced  and 


PERFECT  HEARING  COMFORT 


^  When  RCA  engineers  checked 

^  |[  headphones  tor  their  new  hotel 

►  w  “coin -operated”  radio,  they  quickly 

^  \  ni 

^  JH  what  they  wanted  in  the 

New  TELEX  Monoset.  Today  it’s 
standard  equipment  on  this  RCA 
1  hotel  model. 

Take  a  “tip”  from  RCA  and  whenever 
comfortable  hearing,  fidelity  and  ease  of  use 
are  needed  for  your  sound  equipment,  specify 
the  TELEX  Monoset.  It  replaces  old  style, 
uncomfortable  headphones.  Light  weight 
(1.2  oz.).  Worn  under  the  chin.  Rugged  Tenite 
plastic  construction. 


Write  Department  AA  tor  information  and  quotations.  We’ll  be 
^^PPy  to  show  you  how  the  TELEX  MONOSET  can  become  part 
of  your  team  for  perfect  hearing  comfort. 

HlHOATir*  . 


Canadian  Distributors: 
Addison  Industries,  Ltd.,  Toronto 
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Can  you  us< 


It  Can  be  Supplied  in  a  Width 
12/000  Times  Its  Thickness! 


Now  you  can  get  insulated  electrical 
steel  thinner  than  a  human  hair  — 
steel  of  exceptional  magnetic  quality 
that  is  rolled  to  a  remarkable  gage- 
uniformity. 

This  is  one  of  Armco’s  war-bom 
developments  that  makes  possible 
many  new  improvements  in  electrical 
equipment  of  all  kinds.  Peace-time 
uses  include  magnetic  cores  for  tele¬ 
vision,  high-frequency  induction 
heating,  radar,  sonic  detection,  air¬ 


borne  electrical  equipment  and  many 
other  high-frequency  devices. 

If  you  make  these  or  similar  prod¬ 
ucts,  it  may  be  possible  to  greatly  im¬ 
prove  their  efficiency  by  using  excep¬ 
tionally  thin  insulated  laminations  in 
magnetic  cores  operating  at  high  fre¬ 
quencies. 

L«w  liMrfy  Loss 

Low  energy  loss  and  small,  compact 
cores  are  two  important  advantages. 
For  example,  100  kilowatt  modula¬ 


Tile  ^menie^  TftiU 


tors  for  radar  systems  with  cores  of 
.002-inch  electrical  steel  now  weigh 
only  one-half  pound.  Earlier  models 
had  cores  weighing  20  times  as  much. 

Charts  on  this  page  show  core  loss 
vs.  frequency  for  .002-inch  silicon 
steel,  and  a  d-c  magnetization  curve  at 
low  induction.  Write  us  for  other 
information  pertaining  to  your  spe¬ 
cific  products.  Just  address  The  Amer¬ 
ican  Rolling  Mill  Company,  681  Cur¬ 
tis  Street,  Middletown,  Ohio. 


Look 
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A  new  informative  booklet  on  gears. 


It  has  illustrated  sections 


practically  every  known  form  of  gearing. 


together  with 


many 


reference 


tables  and  formulas.  Write  for  your  copy 


today  on  your  company  stationery. 


<1 


uaker  City  Gear  Works 


INCORPORATED 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 


FIG.  2 — ^Multir*fl*ction  tub*  in  glass  m- 
T*lop«  of  55  nun  diameter  produces  20 
watts  at  50  percent  eliidency  with  mag¬ 
netic  focusing  (not  shown) 

retained  thus  maximizing  the  ratio 
of  output  to  input  current  as 
required  for  high  efficiency.  In 
addition,  repeated  transits  of  the 
bunched  electrons  through  the  r-f 
field  are  obtained. 

Magnetic  Focusing 

A  magnetic  field  in  the  direction 
of  the  electron  beam  opposes  diver¬ 
gence  of  the  beam  so  that  mutual 
lateral  forces  between  electrons  do 
not  drive  them  out  of  the  path 
before  they  have  released  most  of 
their  r-f  energy.  Power  output  of 
the  tube  has  a  maximum  at  a 
critical  magnetic  field  strength. 

With  the  resonator  detuned  and 
the  tube  operating  statically,  criti¬ 
cal  magnetic  field  produces  a  maxi¬ 
mum  decrease  in  beam  current. 
This  field  strength  is  that  at  which 
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Ow  INSTRUMENT  FOR 


tllCTRONK  MtAiURtMtNTS 


l^ncoTj^Ef^^ng^ 

1.  A  convenHontU  Volt- Ohm- 
MiUiammeter  with  self-con¬ 
tained  power  source. 

2.  A  high*  impedance  elec¬ 
tronic  Volt-Onmmeter  using 
115  volt,  60  cycle  power, 

3.  A  stable,  probe-type.  Vac¬ 
uum  Tube  Voltmeter,  for  use 
to  300  megttcycles. 


Accurate  a-c  measurements  .25  volt  to  120  volts,  50 
cycles  to  300  megacycles. 

Extremely  small  R.F.  Probe  (3%"  x  %"  dia.).  Probe 
constants,  5  megohms  paralleled  by  5  nunfd.,  approx. 

New  unity  gain  d-c  amplifier  provides  absolute  stability 
with  line  voltage  variations  from  105  to  130  volts. 

D-C  Electronic  amplifier  ranges  3  to  1200  volts  at  15 
megohms,  resistance  ranges  3000  ohms  to  3000  megohms. 

Conventional  10,000  ohm  per  volt  d-c  ranges  3  to 
1200  volts,  1000  ohm  per  volt  a-c  rectifier  ranges  3  to 
1200  volts. 

Resistance  ranges  3000  to  300,000  ohms  where  a-c 
power  is  not  available. 

Entire  Model  769  protected  from  external  RF  influences. 

Uses  standard  commercial  types  of  tubes  replaceable 
without  recalibration. 

Size  only  10"  x  13"  x  6»4". 

Full  details  from  your  jobber  or  local  WESTON  repre¬ 
sentative.  Literature  available  .  .  .  Weston  Electrical 
Instrument  Corporation,  618  Frelinghuysen  Avenue, 
Newark  5,  New  Jersey. 


IlIMT  •  ITlMTk  •  NSTM  •  NffU.!  •  CMlim-  Cnun  •  CMCMATI  •  CimUWI 

MLUS  •  KNva  •  iniMT  •  ueumiui  •  imniiu  •  uttu  nci  •  us  usau 
Nana  •  mssunm  -  Nnm  •  mi  miuaiis  •  mv  tnr  •  nuManu 
PNoa  •  mrsmti  •  iscMsra  •  sm  n/uicisct  •  suttu  •  st.  lmns 
STMtISE  •  IN  CUtIt.  RIITIEIN  ElECTIIC  CL,  ITL,  PIffEILITE  lEVICEL  Lit. 
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NOW 

AVAIIABLE! 

Ne«>  , 

technical  booklet 

on  WS6S 

of^ 


PIASTICON' 

GLASSMIKES 


Contains  the  following  subjects: 

•  CHART  OF  RF  CURRENT  RATINGS 

•  Glassmike  characteriatics  and  deaign  data 

•  Comparison  of  Glasamikes  and  Mica  Capacitors 

•  Uses  of  Glassmikes  for  improved  RF  and  Audio 
bypassing 

•  Use  in  Audio  and  RF  coupling 

•  Glassmikes  in  television  power  supplies 

•  Video  coupling 

•  Vibrator  buffer  applications 

•  Geiger  Counter  Capacitors 

•  Instrument  capacitors 

•  and  many  other  applications 


*  PLASTICONS;  Plastic-Film  Dielectric  Capacitors 


,\ 


Partial  list  of 
PIASTICON^  users: 

ArgoniM  NaliMial  Laboralary 
AUia  Chalmara  MaDnfactariiig  Co. 

Annoor  Research  Foamialien 
BolmoDi  Radio  Corporation 
Caraegie  Inililule  of  Technology 
Dahlgren  Proring  Cronnds 
Eailman  Kodak  Company 

Electronic  Equipment  Laberalery,  Wright  Field 
Federal  Telephone  S  Radio  Corporation 
Federal  Telecommunication  Laboratory 
Farnsworth  Taierision  h  Radio  Corp. 

CalThi  Manufacturing  Corporation 

Ceneral  Electric  Company 

Haaeitine  Electronic  Corporation 

Humble  Oil  Company  t 

Massachusetts  Institute  of  Technology 

Monsanto  Chemical  Company,  Oak  Ridge.  Tennessee 

National  Advisory  Council  on  Aeronautics 

North  American  Philips  Company 

Naral  Research  Laboratory 

Naval  Ordnance  Laboratory 

National  Research  Council.  Canada 

Progressiva  Welder  Company 

Radio  Corporation  of  America 

Russell  Electric  Company 

Radio  Receptor  Company 

Rauland  Corporation 

Sciaky  Brothers 

Sylvania  Electric  Company 

Sperry  Gyroscope  Company 

University  of  California  at  Los  .Angeles 

University  of  California 

University  of  Michigan 

Victoreen  Instrument  Company 

Westinghouse  Electric  Company 


Enclote  nominml  chargm  of  ten  cents  for  hmnjlimg  and 
maUing  token  writing  for  tkii  free  booklet,  or  obtain 
from  your  local  distributor. 


Your  Jobber  stocks  a  complete  line  of 


/q\  PLASTICONS"^  in  metal  cans  and  Glassmikes. 

^Cotuienser  "Products  Company 

13rS  NORTH  BRANCH  STRflT  •  CHICAGO  22.  ILLINOIS 
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ELECTRON  ART  (contlnu«d) 

the  cathode  is  electron-optically 
projected  back  upon  itself,  the  elec¬ 
trons  leaving  the  cathode  being 
returned  to  their  identical  emission 
points  after  reflection.  The  imaged 
space  charge  so  produced  in  front 
of  the  cathode  reduces  emission  and 
hence  beam  current. 

In  the  oscillating  tube,  the  same 
action  takes  place  in  the  presence 
of  the  critical  magnetic  field,  except 
that  the  modulated  electrons, 
retarded  by  passage  through  the 
.inductor,  do  not  quite  return  to  the 
cathode.  However,  any  unmodu¬ 
lated  electrons  will  return  to  the 
cathode  to  suppress  emission.  Thus 
cathode  emission  is  nearly  com¬ 
pletely  suppressed  twice  each  cycle 
and  at  the  time  when  it  would  con¬ 
tribute  electrons  to  the  beam  that 
would  be  of  mimimum  use  in 
producing  bunches. 

The  multireflections  produced  by 
the  electrostatic  field  gradient  thus 
increase  the  ratio  of  output  r-f 
potential  to  d-c  potential.  The  mag¬ 
netic  field  increases  the  ratio  of  r-f 
beam  current  to  d-c  emission  cur¬ 
rent.  The  increased  efficiency 
brings  the  overall  efficiency  of  the 
tube  shown  in  Fig.  2  to  about  50 
percent,  against  about  6  percent 
without  magnetic  focusing  and 
about  0.5  percent  without  multire¬ 
flections  or  magnetic  focusing.  A 
maximum  of  20  watts  output  is 
produced  at  12  cm.  (The  Multire- 
fl^tion  Tube — A  New  Oscillator  for 
Very  Short  Waves,  F.  Coeterier, 
Philips  Technical  Review,  p  257 
Sept  1946). 


No  matter  what  type  of  magnetic  recorder  ^ 
you  design,  the  low  cost,  excellent  fidelity  and 
uniformity  of  Brush  Paper  Tope  moke  it 
your  best  all-round  recording  medium. 
With  this  new  development  by  the  pioneer 
and  leader  in  the  field  ofi  magnetic  recording 
you  ctm  bring  magnetic  recording  to  the 
great  moss  market  of  all  America! 

Brush  Paper  Tope  will  be  furnished  you 
either  in  bulk  in  varying  widths  or  1225  ft. 
V4-inch  wide  on  a  metal  reel  (standard  item). 


Look  at  these  advantages 
of  Brush  Paper  Tape,., 

Eawf  to  hondlo  ExcoUonl  Ugh  froqut 

Toproduction  at  s 
Extreme  low-cost  speed 

^  Con  bo  odilod  ...  spUcod  Ponnononl  .  .  .  oxco! 

roprodoction  for  sot 
I^Groolor  dynamic  tango  thf^nsond  play-bocks 

^  Mnimum  woor  on  hoods  ^  Eoslly  orasod 


Survey  of  New  Techniques 

New  roEAs  and  methods  are  con¬ 
stantly  being  presented.  In  their 
early  stages,  before  details  have 
been  worked  out,  there  is  little  that 
can  be  said  about  them.  Neverthe¬ 
less,  because  to  know  what  others 
are  doing  is  both  informative  and 
stimulating,  here  briefly  are  some 
advances  that  affect  the  art  of  elec¬ 
tronics. 

Control  •  of  autopilots  directly 
from  signals  developed  by  ground 
controlled  approach  radar  is  being 
developed  at  the  Air  Material  Com¬ 
mand’s  Watson  Laboratories.  Air¬ 
craft  landing  with  these  facilities 
can  use  either  cross-pointer  meters 
as  now  used  with  instrument  land- 


Other  Brush  developments  in  magnetic 
recording  components  include  Plated  Wire 
and  vastly  improved  Tope  and  Wire 
Recording  Heads  and  Cartridges. 


Write  fodoy  for  further  information 


3405  Perkins  Ave. 


Cleveland  14,  Ohio 


June,  1947 ELECTRONICS 


i 


What’s  your  Fine  Wire  problem? 


Mr.  Big  had  scads  of  wire,  but  it  was  all  too 
large  for  his  use.  He  sent  it  to  Fine  Wire  Head¬ 
quarters.  We  put  the  wire  through  our 
machines  and  drew  it  to  his  specifications.  We 
can  do  the  same  for  you  if  you  have  or  can 
obtain  wire  that  does  not  meet  your  present 
requirements. 


Problem  2 


Mr.  Round  had  to  have  some  flat  wire.  So 
we  put  his  wir^  stock  through  our  rolling 
equipment  after  drawing  it  to  proper  size. 
Out  came  flat  wire  to  his  specification. 


Mr.  Silver  had  some  wire  that  he  wanted  to 
plate.  He  sent  it  to  Fine  Wire  Headquarters. 
We  plated  it  and  the  wire  came  out  with  a 
uniformly  dense  coat  of  high  lustre. 


Yes  sir,  the  answer  to  all  your  fine  wire  problem — wire  to  be  redrawn,  flat- 
wire  problems  is  right  here  at  Fine  tened,  plated  or  what  have  you — wire 
Wire  Headquarters.  You  will  never  or  write  to  North  American  Philips, 
know  how  many  ways  we  can  help  you  makers  of  ELMET  Tungsten  and  Molyb- 
until  you  ask.  So — when  you  have  a  fine  denum  and  NORELCO  fine  wires. 


NORTH  AMERICAN  PHIUPS  COMPANY,  INC 

Dept.  E-6, 100  East  42nd  St.,  New  York  17,  N.  Y. 
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ELECTRON  ART 


ing  system  radio  beacons,  or  their 
automatic  pilots.  If  not  so  equipped 
or  if  faulty  operation  develops, 
pilots  can  be  talked  down  as  is  now 
done  with  ground  controlled  ap¬ 
proach  equipment.  Additional  equip¬ 
ment  added  to  the  normal  ground 
controlled  approach  installation 
makes  it  possible  to  handle  three 
planes  simultaneously. 

Dual  modulation  of  microwave 
carriers  can  halve  the  bandwidth 
required  for  transmission  of  a 
given  amount  of  information.  The 
method  proposed  by  Bendix  Radio 
engineers  is  to  frequency-modulate 
the  radio  carrier  in  addition  to 
pulse  modulation  conventionally 
used  at  uhf,  thus  two  types  of  mod-  j 
ulation  are  used  to  carry  two 
separate  channels.  The  technique 
would  be  used  with  time-division 
multiplex  channels  for  relaying. 

In  photographing  rapidly  moving 
solar  prominences,  astronomers  are 
interested  in  changes  of  spectral 
color  as  well  as  mass  movements. 
Recently  developed  crystal  filters 
passing  a  narrow  bandwidth  of 
lighit  are  used.  By  changing  the 
‘  charge  on  the  filter  plate,  the  trans¬ 
mitted  wavelength  is  changed  with¬ 
out  loss  of  optical  quality.  Trans¬ 
mission  changes  can  be  made  in 
matters  of  microseconds  enabling 
astronomers  to  take  a  sequence  of 
detailed  photographs  at  different 
wavelengths  from  which  solar  ex¬ 
plosions  can  be  carefully  plotted 
thus  improving  long-range  weather 
forecasting. 

Surface  roughness  is  measured 
by  making  a  plastic  replica  of  it 
and  passing  light  through  the  rep¬ 
lica  to  a  photoelectric  cell.  The  rep¬ 
lica  is  vibrated,  or  if  it  is  in  the 
form  of  a  long  strip  it  can  be 
wrapped  on  a  drum  and  rotated. 
Variations  in  light  reaching  the  cell 
are  amplified  and  used  to  operate  an 
indicating  instrument.  The  instru¬ 
ment  is  calibrated  using  surfaces 
of  known  roughness  as  determined 
by  microscopic  measurement.  This 
technique  developed  *  by  The  Na¬ 
tional  Bureau  of  Standards  has  ad¬ 
vantages  of  providing  permanent 
records  of  surfaces,  rapid  evalua¬ 
tion  of  large  areas,  evaluation  of 
surfaces  of  soft  material  without 
marring  them,  and  possibility  of 
transplating  surfaces  to  be  meas¬ 
ured  to  the  instrument. 


#  Adv9rHting  mtt  agne 
— #/i*  list  is  mor*  than  half 
fh*  story. 


McGraw-Hill  Mailing 
Lists,  used  by  leading  manu- 
fxxturers  and  industrial  serv- 
k9  organizations,  direct 
your  ^vertising  and  sales 
promotional  enorts  to  key 
purchasing  power.  They 
offer  thorough  horizontal 
and  vertical  coverage  of 
major  markets,  including 
new  personnel  and  plants. 
Selections  may  be  made  to 
fit  your  own  special  require 
ments. 


New  names  are  added 
to  every  McGraw-Hill  list 
daily.  List  revisions  are 
made  on  a  twenty-four  hour 
basis.  And  all  names  are 
guaranteed  accurate  within 
two  per  cent. 

In  view  of  present  day 
difficulties  in  maintaining 
your  own  mailing  lists,  this 
efficient  personalized  service 
it  particularly  Important  in 
securing  the  comprehensive 
market  coverage  you  need 
and  want.  Ask  for  more 
detailed  information  today. 
You'll  probably  be  surpris^ 
at  the  low  over-all  cost  and 
the  tested  effectiveness  of 
these  hand-picked  selecthra. 


Disc  Type 

Neutralizing  Capacitor 

D»»>9H*J  originally  for  UM  in  oor  own  No. 
90SS1  Powor  AmplHior,  Iho  No.  1S011  dUc 
nowiralixing  capacitor  ho*  tvch  uniqwo  foo- 
hiro*  at  rigid  chonnoi  fromo,  horixontol  or 
vortical  mounting,  Nno  Mirood  ovor-tixo  load 
tcrow  wMi  step  to  provoni  thorling  and 
rotor  lock.  Hoovy  roundod  odgod  politbod 
aluminum  plotot  oro  2"  diomolor.  Gloxod 
Steotito  intuloHon. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 
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GIANT  IN 
APPLICATION 


NEW  G-E 
GERMANIUM 
CRYSTAL  DIODE 

Cmall,  versatile  and  durable,  this 
new  General  Electric  germa¬ 
nium  diode  has  a  wide  variety  of 
^plications  in  the  rectifier  field. 
The  design  engineer  will  find  it 
invaluable  in  projects  where  space 
is  at  a  premium.  Physically,  it  re¬ 
sembles  the  conventional  watt 
resistor  and  may  be  handled  with 
no  greater  amount  of  care. 

Ch*ck  th«M  advantci9*st 

•  Eliminates  heater  connections 
with  associated  60-cycle  hum. 

•  Eliminates  multiple  wiring  (only 
two  connections  required). 

•  Eliminates  tube  sockets. 

•  Sudden  applications  of  excessive 
voluge  do  not  affect  the  germa¬ 
nium  diode.  It  returns  to  normal 
quickly. 

•  May  be  used  in  high  ambient 
temperatures. 

Ch*ck  th«M  applications: 

•  FM  and  AM  Receivers. 

•  Television. 

•  Frequency  Standards  and  Mea¬ 
suring  Equipment. 

•  Telephone  apparatus. 

•  Telegraph  apparatus. 

For  complete  information,  write  to; 
Gtnerml  ElectricCompsmy.EUctrmics 
Dtparttmemi,  Syracuse  1,  Seu>  Yuri. 


GENERAL  ELECTRIC 


NEW  PkODUCTS 

(continued  from  p  ISO) 

ter  comprises  a  compact  oscillator 
connected  to  its  power  supply  by  a 
flexible  cord.  It  serves  as  a  vari¬ 
able-frequency  oscillator,  an  ab¬ 
sorption  wavemeter,  an  oscillating 
detector,  and  a  tuned  absorption  cir¬ 
cuit  detector.  The  handy  device  op¬ 
erates  over  the  frequency  range  2.2 
to  400  megacycles  with  7  plug-in 
coils. 


F-M  and  Television 

Antennas  (20) 

• 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  folded-dipole  elements 
making  up  new  f-m  and  television 
antennas.  Models  UKA-002  and 
UKA-001  are  constructed  of  reen¬ 


forced  aluminum  tubing,  and  are 
directional  both  front  and  rear 
broadside  to  the  antenna.  Both 
masts  are  five  feet  high  and  the 
television  dipole’s  overall  width  is 
96  inches  while  the  f-m  dipole’s 
width  measures  48  inches. 


Power  Rheostats  (21) 

General  Electric  Co.,  Syracuse, 
N.  Y.  New  rheostats  are  wound 
with  a  special  alloy  wire  on  a  ce¬ 
ramic  frame.  The  winding  form  and 
mounting  are  fused  together  with 
vitreous  enamel  into  one  integral 
unit  and  fired  at  a  high  tempera¬ 
ture,  with  a  tempered  steel  contact 
arm  giving  uniform  contact  at  all 


Wires  drown  to  .0004  diometer. 

Ribbon  rolled  to  .0001"  Hiickness. 

• 

Spetiol  Alloys  for  individual 
requirements. 

• 

WRITE  for  list  of  stock  alloys. 


SIGMUMD  COHN  s  CO. 

5T.  ,  VFW  YORK 


trvcf 
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Type  3i02 

EVAPORATOR 

A  new  high  vacuum  coating  unit  .for 
optical  work  or  other  applications  requir¬ 
ing  low-pressure  bell  jar  equipment. 

This  unit  has  high  pumping  capacity 
and  a  /fuick-acting  high  vacuum  valve  for 
rapid  cycles.  It  is  designed  for  use  with 
bell  jars  up  to  24"  inside  diameter.  Com¬ 
plete  facilities  for  coating,  including  fila¬ 
ment  power  and  high  voltage  clean-up, 
are  provided. 

The  design  of  the  Type  3102  Evapora¬ 
tor  is  the  result  of  our  experience  in  build¬ 
ing  coating  equipment  and  in  operating  in 
the  coating  field  since  1940.  For  full 
particulars,  write  VACUUM  ENGINEER¬ 
ING  DIVISION,  National  Research  Cor¬ 
poration,  Boston  1 5,  Massachusetts. 


i  f 


We  supply  a  complete  line  of  diffusion  pumps,  vacuum  gauges,  valves,  seals, 
coating  equipment,  dehydration  equipment  and  special  high  vacuum  apparatus. 


NATIONA 


HIGH  VACUUM  FOR  INDUSTRY 


SEARCH  CORPORATION 


ENGMEEmm 
BHVESHm 
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With  Brush  magnetic  direct  inking 
oscillographs  has  a  voltage  gain  of 
about  1,000,  frequency  response 
from  d-c  to  100  cps,  and  a  sensi¬ 
tivity  of  1  chart  mm  per  millivolt. 
The  input  impedance  is  10  meg¬ 
ohms  and  the  input  voltage  range, 
0.001  to  200  volts. 


Twin-Contact  Relay  (24) 

C.  P.  Clare  Co.,  4719  West  Sunny- 
side  Ave.,  Chicago  30,  Ill.  The  type 


low  power  factor,  higher  tempera¬ 
ture  operation,  protection  from  hu¬ 
midity,  and  unchanging  capacitance 
values.  The  capacitors  are  impreg¬ 
nated  in  Halo  wax  or  Diaclor. 


Oscillograph  Amplifier  (23) 

Brush  Development  Co.,  3405  Per¬ 
kins  Ave.,  Cleveland  14,  Ohio.  The 
Model  BL-913  d-c  amplifier  for  use 


Plastic  Tubular 
Capacitors  (22) 

Sangamo  Electric  Co.,  Springfield, 
Ill.  A  new  paper  tubular  capacitor 
type  30  molded  in  plastic  results  in 


Look  to 


at  rock-bottom 


operating  cost! 


Today,  as  always,  you  get  the  most  for  your 
money  with  an  AM  transmitter  made  by  Western 
Electric.’  Whether  you  want  a  250  watt  (shown), 
a  1  or  a  5,  or  a  50  kw,  you  can  count  on  maxi¬ 
mum  quality,  dependability  and  economy  of 
operation  and  maintenance.  For  full  details, 
write  Graybar  Electric  Co.,  420  Lexington  Ave., 
New  York  17,  N.  Y.,  or . . . 


GraybaR 

BSOAOCAST  REPHESENTATIVS 


Western  Electric 

for  top  quality 

AM 


NEW  PRODUCTS  (continuadj 

arm  giving  uniform  contact  at  all 
times.  The  contact  brush  rides  pn 
a  large  flat  surface  and  assures  per¬ 
fect  contact  with  minimum  wear  on 
the  wire.  They  are  available  in  26- 
and  50-watt  sizes,  in  resistance 
ranges  up  to  5,000  and  10,000  ohms 
respectively. 
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H«r«  is  a  new  •ittctrically- conductive  textile,  available  at  yard  goods  or  tape.  It  will 
meet  many  needs  in  the  electrical  held.  Test  a  sample  to  tee  what  H  will  do  for  you. 


PACIFIC  aiCTRIC  aOTH 


o  Permits  electrical  heating  to  he  distributed  uniformly 
•  over  a  surface  or  area. 

m  Permits  drainage  of  electrostatically  induced  chari^s 
that  are  obtained  in  industrial  processes,  thereby  attain* 
ing  greater  safety. 

5*  Winds  tightly  and  conforms  snugly  to  irregular  contours. 
6«  Has  stretch,  flexibility  and  resistance  to  tearing. 


is  an  electrically  con¬ 
ductive  cloth  available  in  several  ranges  of  resistance 
with  five  broad  FIELDS  OF  APPLICATION: 

Shielding  and  electrostatic  flux  grading  in  high  voltage 
transformers,  generators,  bushings,  etc.  Also  shielding 
of  radio  and  radar. 

Elimination  of  electrical  static  from  bags  for  explosives, 
sifting  apparatus  for  fine  powders,  and  electrical  equip¬ 
ment. 

3,  Electrical  heating  without  wires:  Blankets,  pads,  wall 
panels  and  other  space  or  radiant  heating  applications. 

M  Fixed  and  variable  resistors  for  electronic  and  commu- 
nication  circuits. 

3,  Outer  conductor  or  current  carrying  element  in  coaxial 
lines  for  communication,  electronic  and  high-frequency 
circuits. 


Thicknatti 
TmsII*  strangtht 
R*sUtan««  t 


Approximately  1  or  100  oh 
inches  now  available. 

■ffact  •!  ell  I  Resistant  ^ 

Effect  of  vukanlalngt  Stands  up  satisfactorily  under 

vulcanizing  temperatures  and 
adheres  to  rubber  insulation 
,  after  vulcanizing. 


PACIFIC  ElEaRK  CLOTH  has  these  six  unusual 

CHARACTERISTICS: 

^  ^  Adheres  and  bonds  to  rubber  and  other  plastic  materials. 

2,  Has  sufficient  electrical  conductivity  to*  be  useful  as  a 
current  carrying  element. 


Limited  quantities  of  this  new  electrically-conductive  cloth  are  now  available 
for  experimental  purposes.  Send  for  samples.  Also  ask  for  Pacific’s  ’’New 
Product  Bulletin”  describing  in  detail  the  specifications  of  this  material. 


PACIFIC  MILLS,  Industrial  Fabrics  Dept.,  214  Church  Street,  New  York  13  •  Pacific  Mills  is  one  oj 
the  oldest  and  largest  textile  manufacturers  and  finishers  .  .  .  a  long-time  supplier  to  the  electrical  trade. 


SIND  FOR  TEST  SAMPLES  and 
^  New  product  bulletin 


PACIFIC  MILLS 

Indwtlriol  Fabrics  Oapt.,  214  Church  Straat,  Naw  York  13 

Gentlemen:  Please  send  me  test  samples  of  your  new 
Pacific  Electric  Cloth.  Also  send  me  your  New  Product 
Bulletin  with  full  description. 


Your  name 


Company 


Street  address. 
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Here  ore  two  rare  bargains  for 
the  engineer  who  need-,  them 
and  at  a  bargain*  But  that's 
the,  woy  Harvey  operrites  .  . 
all  the  standard  merchandi-.  in 
stock  .  .  specials  when  they  are 
real  buys,  or  hard-to-get. 


2.5  KW  TRANSFORMER 


S*ep-up  or  step-down  power 
transformer,  Type  CPP-301  223, 
made  by  Raytheon  Mfg.  Co 
From  220  440  v  to  115  v,,  or 
from  115  V  to  220  440  v. 
Rated  2.5  kw  Measures  lO’/j 
inches  square  by  1  1  Vj  inches 
high.  Completely  louvred  and 
well  insulated  and  shielded 
steel  cose  with  mounting  brack¬ 
ets.  Weighs  opp.  65  lbs. 
Harvey  Special  Price  $49  50 


CONSTANT  VOLTAGE 
TRANSFORMER 


Here's  the  item  everyone  has 
been  waiting  for  .  .  a  constant 
voltage  transformer  very  con- 
servotively  rated  at  0.82  kw. 
Primory  voltage  92-1  38  v.  sec¬ 
ondary  voltage  115  '.j  of 

1  “o  Shipping  weight  app.  1  30 
lbs  A  rore  bargain  at  $135.00 


Among  the  many  stock  items 
which  Harvey  always  has  in 
stock  ore  test  inst.'uments  and 
equipment.This  sample  is  typical: 


GE  Electronic  Switch,  Type  YE-9. 
This  instrument  was  designed 
for  specie!  electrical  studies  of 
wave-form,  phase,  frequency 
relationship,  etc.  It  will  show 
the  simultaneous  observotion, 
for  comparison,  of  two  or  more 
independent  signals  on  the  screen 
of  a  cathode-tube  oscilloscope. 

$59  50 


Note:  All  prices  ore  Net,  f.O.B. 
NYC  and  are  sub/ect  to  change 
wifhouf  noficc. 


RADIOCOMPANY  INC 


1055  NEPPERHAN  AVENUE,  YONKERS  3,  NEW  YORK 


J  d-c  relay  combines  features  of 
conventional  telephone-type  relays 
with  those  developed  for  aircraft 
use.  Twin  palladium  contacts  are 
used  to  assure  connection.  Opera¬ 
tion  is  fast — a  minimum  of  1  to  2 
milliseconds.  The  relays  are  avail¬ 
able  with  either  single  or  double 
arms  with  a  maximum  of  10  springs 
on  each  arm. 


Tension  Device  (25) 

Paper  Machinery  and  Research, 
Inc.,  1014  Oak  St.,  Roselle,  N.  J. 
A  new  wire  dereeling  device  will 


CONt'act 


in  Mtiate 

for  high  curront  donsHy  •  mini- 
mirni  wear  •  low  contact  drop# 
low  oloctrlcol  noise  •  solf-luM- 
cotion 

in  CONTACTS 

for  low  resistance  •  non-welding 
character 

GRAFHALLOY  works  whoro  efhort  won'M 
Spocify  ORAPHAUOY  with  cenfWoiKO. 

*A  spodal  tilvor-improgiHrtod  grophito 


Telephone: 


LO.  3-1800 


Ever  see  a  blanket  with  a  brain?  This  little 
bedside  control  case  is  the  ^^brain”  of  the 
General  Electric  Automatic  Blanket  —  the  last 
word  in  sleeping  comfort.  It  keeps  the  blanket  at 
the  right  warmth,  despite  changes  in  room  tem¬ 
perature.  An  important  feature  of  the  control 
case  is  the  ^^  Neon  Glow  Lamp  that  lights  up 
when  current  is  on  and  serves  as  a  reminder  to 
turn  off  the  blanket  in  the  morning. 

uses  less  than  two  A 


This  tiny  lamp 
cents  worth  of  current  a  year ! 

Successful  appliances  for  every 
home  use  are  similarly  equipped 
with  G-E  Neon  Glow  Lamps — **the 
alow  thtu  lets  you  know.*"* 


Automatic  blanket  control  keeps  an  eye  open  all  night- 
this  tiny  G-E  lamp,  that  gfows  when  blanket  is  ’’on. 


These  few  appliances  merely  hint  at  the  hun¬ 
dreds  of  ways  General  Electric  Glow  Lamps 
are  used  to  add  convenience,  heauty,  safety  and 
sales  appeal  to  electrical  equipment  of  all  kinds. 
Perhaps  "you,  too,  will  find  a  valuable  profit  oppor- 

tunitv  in  the  following  G-E.  Glow  Lamp  features: 

t' 

1.  Distinctive  orange-red  glow — high  visibility. 

2.  Dependable  long  life — NE-2,  featured  above,  has 
life  rating  in  excess  of  25,000  hours. 

3.  Low  current  consumption — as  little  as  1/25  watt. 
4.  I..OW  brightness,  low  heat. 

5.  High  resistance  to  shock  and  vibration. 

6.  Can  be  installed  in  small  space. 

7.  Variety  of  sizes  and  wattages. 

8.  Operate  directly  from  regular  105-125  and  210- 
230  volt  circuits,  AC  or  DC. 

ItVkiMSn— Every  electrical  device  should  have  a  live  cir¬ 
cuit  indicator.  G-E  Glow  Lamps  are  ideal  for  this  purpose. 

SEND  FOR  free  bulletin  containing  full  information  on  C-E 
Neon  Clow  Lamps  and  their  application  to  your  product. 


AUTOMATIC  IRON  uses  glow 
lamp  to  indicate  when  beat  is 
just  right. 


ELECTRIC  RANGE.  Glow  lamps 
indicate  when  any  switch  or  any 
oten  setting  is  '"on.” 


C  E  LAMPS 


WATER  HEATER.  Glow  lamp 
lights  up  uhen  desired  water 
temperature  is  reached.  , 


IRONER.  Glow  lamp  pilot  light 
hdps  to  avoid  leaving  appliance 
"on”  by  mistake. 


GENERAL  ^  ELECTRIC 

IVela  Specialty  Div.  Lamp  Dept.,  1  Newark  SL.Hoboken,  N.  J. 
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guaranteed:^ 

VHF  SYSTEMS 
NOW  AVAILABLE 

for  immediate  installation 


Compact  .  .  .  rugged  .  .  .  serviceable- 
three  distinguishing  characteristics 
of  the  complete  Farnsworth  fixed  station 
railroad  radio  system.  Illustrated 
here  are  antenna,  transmitter, 
receiver,  power  supply  on  indoor 
mounting  rack,  and  local  control  unit. 


Progressive  railroads  have  waited  many 
years  for  railroad  radio  communications  equipment  in  which 
they  could  invest  with  confidence. 

Now  Farnsworth  engineers  and  designers  —  the  same 
men  who  pioneered  the  adaptation  of  radio  to  rail  com¬ 
munications  —  have  developed  practical,  reliable,  guaran¬ 
teed*  railroad  radio  communications  equipment  which 
merits  capital  investments. 

Farnsworth  systems  are  thoroughly  engineered  to  meet 
the  unique  and  exacting  standards  of  railway  operation  . . . 
carefully  designed  to  provide  maximum  usefulness  and  flex¬ 
ibility  . . .  comprehensively  planned  to  comply  with  regula¬ 
tions  of  the  FCC  and  ICC,  and  the  specifications  of  the 
AAR  . . .  exhaustively  field-engineered  over  a  period  of  years 
to  guarantee  simplified,  low-cost  maintenance.  Developed 
systematically  and  without  haste  in  one  of  the  world’s  great 


electronic  laboratories,  Farnsworth  systems  represent  the 
best  equipment  designed  and  produced  for  this  highly  im¬ 
portant  service. 

Write  Dept.  E-6,  Farnsworth  Television  &  Radio  Cor¬ 
poration,  Fort  Wayne  1,  Indiana. 


Farnsworth  guarantees  this  equipment  for  a  period  of  one 
•  year  against  defective  design,  material  and  workmanship, 
and  agrees  to  remedy  any  such  defect  in  any  railway 
electronic  unit  of  its  manufacture,  provided  that  the  unit 
is  returned  intact,  bearing  original  serial  number  with  all 
transportation  paid,  for  Farnsworth’s  examination  at  its 
Fort  Wayne,  Indiana,  factory  within  one  year  and  thirty 
days  from  date  of  purchase.  This  warranty  does  not,  how¬ 
ever,  extend  to  tubes  or  moving  parts  (components  which 
carry  the  guarantee  of  the  manufacturers  thereof). 


Fwmwertli  Radio  and  Talavision  Rocoivart  and  Transmittnrt  •  Aircraft  Radio  Equipment  •  Farnsworth  Television  Tubes  •  Mobile  Communications 
•nd  Traffic  Control  Systems  for  Rail  and  Highway  •  The  Farnsworth  Phonograph-Radio  •  The  Copehart  •  The  Panamuse  by  Copehart 


ELECTRONICS  — June,  1947 


211 


(contimicdl 


NEW  PKODUCTS 


NO  CHANGE— IN  PRODUCT.  The  same 
exclusive  features  such  as.  rigid  non¬ 
short  terminals,  bakelite  washers  and 
others,  standard  in  all  Gothard  Lights, 
will  continue  to  insure  above  average 
service  life  and  satisfaction.  Just  com 
pare  their  superior  workmaxuhip. 

NO  CHANGE— IN  POLICY.  Standard 
basic  prices  and  standard  discounts  will 
be  adhered  to  in  all  cases. 

NO  CHANGE— IN ‘CATALOG  ITEMS. 

The  current  Gothard  catalog  is  still  in 
force. 

REMEMBER- send  your  specifications 
for  recommendatioiu  and  your  orders 
for  Gothard  Quality  Lights  to— 

Gothard  Oivitran 

E.  F.  JOHNSON  COMPANY 

Wosece,  Minn. 


2,000,  4,000  at  either  130  or  260 
volts;  four  a-c  current  scales,  0  to 
0.26  ampere  at  approximately  8 
volts;  0  to  6.5  amperes  at  approxi¬ 
mately  0.4  volts ;  0  to  13  amperes  at 
approjumately  0.3  volt;  0  to  26  am¬ 
peres  at  approximately  0.2  volt ;  two 
a-c/d-c  volt  scales,  0-130-260. 


Aluminum  Solder  (27) 

Alsoco  Corp.,  10  East  52nd  St., 
New  York,  N.  Y.  A  simple  solder¬ 
ing  technique  has  been  employed  to 


make  the  joint  illustrated  without 
flux.  Electrical  resistance  at  the 
junction  is  in  the  range  of  20 
microhms. 


Check  BAER  FIBRE  for  ac¬ 
curate  dimensioning, uniform 
surface,  mechanical  and  elec¬ 
trical  qualities,  and  low  coat 
per  piece.  See  how  efficient¬ 
ly  a  BAER  FIBRE  terminal 
board,  bushing,  gasket, 
.washer  or  other  shape  can 
I  simultaneously  solve  your 
'  electrical  or  mecharucal  prob- 
lem...improve  your  product ... 
and  save  you  money!  BAER 
FIBRE  isprecisionfabricated 
to  your  specifications. 

UTBRATURE  ON  REQU^ 


Geiger  Tubes  (28) 

Sylvania  Electric  Products,  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
Two  new  types  of  Geiger  tubes 
have  been  designed  for  use  by 
physicists,  biologists,  chemists, 
physicians,  engineers,  and  others 
engaged  in  the  research  and  prac¬ 
tical  application  of  nuclear  physics. 
The  beta-ray  tube  is  designed  to 
admit  the  high-speed  electrons  con¬ 
stituting  the  beta-rays  through  a 
thin  metal  alloy  window.  The 
gamma-ray  tube,  which  has  no  win¬ 
dow,  is  primarily  designed  to  detect 
the  presence  of  the  gamma  rays 
emitted  by  radioactive  sources,  but 


MONTGOMERY  ST.,  HILLSIDE,  N.  J. 
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RESIS 


New 


T-E 


This 


It  has  16  pages,  packed  with  technical  information  on  I-T-E 
standard  fixed  and  adjusteJale  power  wire  wound  resistors. 
Each  type  is  individually  pictured  with  a  listing  giving 
complete  details  on  sizes  and  ratings. 

The  catalog  contents  include  resistor  uses  and  appli¬ 
cations,  derating  and  size  selection,  construction,  ordering 
information  and  the,  answers  to  many  other  important 
questions  you  may  have. 

I-T-E  Resistors  are  made  in  a  wide  variety  of  types,  sizes 
and  ratings  with  mountings  and  termincds  as  specified. 
They  have  silver  soldered  connections,  are  locked  and  in¬ 
sulated  with  blue-black  Vitreous  enamel  for  fast  heat- 
dissipation,  and  are  held  to  close  tolerances  to  meet  critical 
concbtions  of  atmosphere  and  usage.  Ratings  range  from 
5  to  215  watts  in  fixed  and  adjustable  types  and  from  30  to 
75  watts  in  oval  types. 

You'll  find  the  complete  story  in  the  I-T-E  Resistor  Cata¬ 
log — and  it's  yours  for  the  asking.  Just  fill  in  and  send  the 
coupon  below,  or  write  to  us  on  your  compemy  letterhead 
to  the  address  below. 


RESISTOR  DIVISION,  I-T-E  Circuit  Breaker  Company 

1t98  HAMILTON  STREET,  PHILADELPHIA  30,  PA. 


Please  send  me  a  copy  of  the  new  I-T-E  Resistor  Catalog. 


j  Company- 


Address. 
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QUALITY  and  SERVICE 
AT  A  PRICE 
THAT’S  RIGHT 


With  more  and  more  manufacturers 
switching  to  plastic  parts  to  improve 
the  appearance  and  performance  of 
their  products,  it  is  significant  that  so 
many  look  to  Sillcocks-Miller  for  the 
quality  and  service  they  want.  This 
organization  of  specialists  is  recog¬ 
nized  throughout  the  industry  for  its 
'kill  in  fabricating  plastic  parts  to 
close  tolerances  and  its  reputation  for 
unvarying  cpiality.  With  complete 
facilities  to  meet  your  requirements 
...  no  matter  how  large  or  small  .  .  . 
Sillcocks-Miller  o£Fers  you  the  depend¬ 
able  source  you  want  for  plastic  parts 
and  service,  at  a  price  that’s  right. 

Wrlt9  tor  lllottrofod  booklot  or  pkooo 
Sooth  Oraogo  2-6171  tor  qolek  aetloo. 


may  also  be  used  for  cosmic  rays, 
especially  in  coincidence  work. 

Noise  Canceling 
Microphone  (29) 

The  Turner  Ck).,  C^dar  Rapids, 
Iowa.  The  model  15D-NC  hand-held 
microphone  cancels  out  background 
noise,  permitting  only  close-talk¬ 
ing  speech  to  be  transmitted.  An 


I,  IN  HIW*  ’coo'll®'**’ 


Tracing  cloth 
that  defies 
time 


arrangement  of  the  diaphragm  bal¬ 
ances  out  random  sound  arriving  at 
a  distance  yet  allows  pickup  of  or¬ 
dinary  speech  directed  at  the  front. 
The  microphone  is  available  in  50, 
200.  or  500  ohms  or  high  impedance. 

Broadcast  Limiting 
Amplifier  (30) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  Type  BA-5-A  limiting 
amplifier  gives  instantaneous  con- 


•  Th«  rsnovm  of  Imporial  at  th«  flnott  In 
Tracing  Cloth  goat  back  wall  ov«r  half  a 
contury.  Draftsmen  all  over  the  world  prefer 
It  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  doth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  at 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tracing  Cioth. 
It  Is  good  for  ink  os  well. 


IMPERIAL 

TRACING 

ATU 


SOID  BY  LEADING  STATIONERY  AND  DRAW- 
INO  MATERIAL  DEALERS  EVERYWHERE 
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They  Lick  Humidity  and  Vibration 
at  High  Frequencies 


L, 


^  ’i  iT/ 1 


Polytite  TRIMMER 
ELECTRODE  CORES 


P laced  in  fitted  metal  sleeves,  Stackpole  Polytite  Trimmer 
Electrode  Core  Forms  serve  as  variable  capacitors  that 
assure  honest-to-goodness  capacity  stability  in  high-fre« 
quency  circuits  where.humidity  and  vibration  must  be  coa> 
sidered.The  molded  Polytite  has  a  high  dielectric  constant. 
Cores  are  moisture  repellent  and  carry  a  heavy  dielectric 
coating  that  establishes  a  path  of  high  leakage  resistance 
between  the  electrodes.  Since  these  electrode  surfaces  have 
short,  symmetrical  current  paths,  the  inductance  may  be 
kept  low  enough  for  use  in  the  200rmegacycle  range. 
Standard  types  provide  easy  capacity  adjustment  with  a 
maximum  from  20  to  40  mmf.,  depending  on  the  size. 

Writ*  for  StadtRol*  Pelytit*  Trimmor  DaHi  Bwll*llfi 

STACKPOLE  CARBON  COMPANY 

Elmetronic  Componmnts  Division  •  St.  Marys^  Pa, 


StockpoU  Polytit*  Trimmor  Eloctrod* 
Capacitors  or*  wall  switod  for  mini¬ 
mum  capacity  adfustmontt  in  tunod 
circuits,  instaliod  across  tho  tuning 
capacitor  as  in  Flguro  1  or  across 
tho  tuning  inductance  as  in  Figure  2. 
Trimmers  may  be  mounted  directly  to 
the  tuning  capcKitor.  ,  , 


A  typical  application  using  two 


Polytite  Trimmer  Electrode  CapocHors 


in  o  circuit  where  bond-spread  tuning 


Is  desired.  Various  bands  may  be 


covered  by  the  switching  of  coHs  and 


preodlusted  trimmers. 


]|'>  PfitMEABHITY 
■  TUNED  * 

,  INDUCTANCE 


■  CONDENSER  'J 

.  ,  trwltf-, 


I  RESISTORS  •  IRON 


C  O  RE  S 


SWITCHES 
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HEXACON 

ELECTRIC 

SOLDERING 

IRONS 


HIGH  OUALirr.  LONG  LASTING  SOLDLRING  IRONS 


IMPEXn 

delay 

RELAY 


iio 

i  V  ITA  u:  'WITH  AMPERITt 

.  EATTERY  4  'HARGER  j  VOLTAGE  VARIES 
■J  VARIES  APPROX  ,  NLY 


MPERITE  CO.,  56/  Broadway,  New  York  12  ,  N.Y. 

In  Canada:  Atlas  Radio  Carp.,  Ltd.,  560  King  St..  W.  Toronto 


NEW  PRODUCTS  (eo«tinu«d) 

trol  action  with  low  transient  wave¬ 
form  distortion  and  complete  free¬ 
dom  from  audible  thumps  in  the 
program.  Use  of  the  device  avoids 
danger  of  overmodulation  of  the 
associated  transmitter  on  program 
peaks. 


Feed  Through  Capacitor  (31) 

Erie  Resistor  Corp.,  Erie,  Pa.  The 
type  362  Ceramicon  capacitor  is 
equipped  with  No.  20  soft  wire  pig¬ 
tails  extending  from  either  end  of 


Follow  Iho  loodors— and 
uto  HEXACONI  For  ruggtd, 
hoovy  dwty  work  or  for  light  in- 
tricot*  work  .  .  .  h*r*’i  th*  an¬ 
swer.  On*  reason  is  “Bolanced 
Heot"— dissipating  excessive  ele¬ 
ment-impairing  heat— and  mini¬ 
mizing  element  burn-outs  and  tip 
replacements.  Another  is  their 
lightweight.  Literature  is  avail- 
abl*  describing  th*  complete 
HEXACON  line  of  screw  tip  and 
plug  tip  irons  from  40  to  700 
watts,  and  with  tip  diameters 
ranging  from  to 

HEXACON  ELECTRIC  CO. 

130  W.  Clay  A V*..  Roselle  Park.  N.J. 


the  capacitor,  allowing  either  or 
both  ends  to  be  bent  for  point-to- 
point  wiring.  This  type  is  available 
in  the  capacitance  range  from  7  ta 
1,500  micromicrofarads. 


Loop  Antenna  Wire  (32) 

Federal  Telephone  and  Radio 
Corp.,  Newark,  N.  J.  A  small-diam¬ 
eter  polyethylene  insulated  wire, 
type  K-1044,  can  be  used  for  wind¬ 
ing  loop  receiving  antennas  with 


THIRMOSTATK  METAL  TYPE 

KLtSt  RSim 


BT  PROVIDE  DELAYS  RANGING 
W  FROM  I  TO  120  SECONDS 

A  EATURES: — Compensated  for  ambient  temperature  changes  from 
—40"  to  1 10"  F  . . .  Hermetically  sealed;  not  affected  by  altitude,  moisture 
or  other  climate  changes  .  .  .  Explosion-proof  .  .  .  Octal  radio  base  .  .  . 
Compact,  light,  rugged,  inexpensive  .  .  .  Circuits  available:  SPST  Nor¬ 
mally  Open;  SPST  Normally  Closed. 

PROBLEM?  Send  lor  "Special  Problem  Sheet"  and  Bulletin. 


Mumn  REGULATORS 


a  Q  of  about  200.  Owing  to  the 
thermoplastic  properties  of  the  in¬ 
sulation,  the  formed  loop  is  merely 
heated,  allowed  to  flow  slightly  and 
then  hardens  so  that  no  other  sup¬ 
port  is  needed. 


Aaqpsdte  REGULATORS  are  the  nmplest.  lightest  cheapest  cmd  most  compoct  method 
oE  obtedning  current  or  voltage  regulation  .  .  .  For  currents  of  .060  to  8.0  Amps  .  .  . 

Hermetically  seoled*  xx>t  affected  by  altitude,  ambient  temperature,  humidity. 
A  Write  for  A-page  Illustrated  Bulletin. 


Tube  Puller  (33) 

Kellems  Co.,  Saugatuck,  Conn.  A 
highly  effective  device  for  removing 
all  types  of  tubes  and  vibrator  en¬ 
closures  is  illustrated.  It  consists 


June.  7947  — ELECTRONICS 


NOW 

o  really  high-powered 


cull*d  from  iMdlno 
Mc9mw  •  Hill  publico* 
Hoim  In  Mm  radio  Mold. 


,  Mp— lolly  MiMtpd  by  rmdip  MPPiallPl*  •( 
Mtflmw-Hill  pabUMUaM 

to  pivp  PMtt  ppMPlato.  dappndtbto  aav* 
’  arapp  a(  faato  naadad  by  all  wbaM  Mda 

art  praandad  aa  radia  taadaaMatala 


avallabla  at  a  apaalal  priaa  and  tanaa 


BOOSTER  UNITS 


RADIAL  PROJECTORS 

Wrife  for  illustrated  catalog  sheets 

Atlas  sound 


Enclosures 
Desk  Stands 

Speaker 

Stands 

Adaptors 
Wall  Boxes 
Boom  Stands 


response  of  plus  or  minas  2  db  over 
the  range  30  to  8,000  cycles  with 
distortion  of  less  than  a  percent  at 
400  cycles.  The  head  is  supplied 
with  a  standard  mounting  plate  for 
any  current  model  sound  recorder. 

Beryllium  Copper 
Springs  (35) 

Instrument  Specialties  Co.,  Inc., 
Little  Falls,  N.  J.  Savings  in  assem¬ 
bly  and  handling  time  are  claimed 


Tbasa  books  cover  circuit  phanomana,  tuba 
thaory,  natworks,  maasuramanta,  and  otbar 
aubjacts— slva  spaolallsad  traatmants  of  all 
flalda  of  practical  design  and  application.  Tbay 
ara  books  of  racognUad  position  In  tha  lltara- 
tura — books  yon  will  rafar  to  and  ba  rafarrad 
to  often.  If  you  ara  a  practical  designer,  re¬ 
searcher  or  engineer  In  any  field  baaed  on  radio, 
you  want  these  books  for  the  help  they  give  In 
hundreds  of  problems  throughout  tha  whole 
field  of  radio  engineering. 

5  vohimes,  2559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  Edition 

Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 

Hund’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND¬ 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  less  than  cost 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  In  easy  Install¬ 
ments  beginning  with  ll.SQ  In  10  days  after 
receipt  of  books  and  M.OO  monthly  thereafter. 
Already  these  books  are  recognised  as  standard 
works  that  yon  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 

FOR  10  DAYS’  EXAMINATION  SEND  THIS 


CORPORATION 


144f  3ftli  Str..  Ireoklya  It,  N.  Y. 


I  MeGrsw-l 


ON-APPROVAL  COUPON. 


I  MeGrsw-HIII  Bsek  Ce.,  330  W.  42sd  fit.,  N.Y.C.  IB 
■  Send  nM  Badlo  Bnglneerlng  Library  for  10  days' 

!  examination  on  approval.  In  10  days  I  will  tend 
33.80  plus  few  o«U  postage,  and  I4.OO  monthly 

itlll  338.80  Is  paid,  or  return  books  poApald.  (We 
pay  postage  on  orders  accompanied  by  remittance 
of  first  Installment. ) 


(}lty  and  State. 


Position  . L- 

For  Canadian  price  write  Embassy  Book  Oo. 
13  Richmond  Street  E..  Toronto  1 


NEW  PRODUCTS 


(contlnuedl 


ATLAS 

Seat  9^ 
\S9uneC  Sufriemdccf 


REENTRANT  PROJECTORS 


DRIVER  UNITS 


of  a  tubular  wire  mesh  that  can  be 
slipped  over  the  cylinder  to  be  re¬ 
moved.  A  pull  on  the  handle  tight¬ 
ens  the  mesh.  After  the  tube  has 
been  removed  from  a  socket  it  is 
easy  to  slide  the  mesh  off.  Types 
11-6,  100,  112,  and  160  are  used  for 
peanut,  metal,  glass,  and  vibrator 
tubes  respectively. 

Magnetic  Cutter  Head  (34) 

Fairchild  Camera  and  Instrument 
Corp.,  88-06  Van  Wyck  Blvd.,  Ja¬ 
maica  1,  N.  Y.  The  magnetic  cut¬ 
ter  head  Unit  541A  has  a  frequency 
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WILCOX  2500  WATT 


The  WILCOX  96C  Transmitter  is 
throughout  the  world  by  the  Army  A, 
Force  Communications  System  and 
foreign  and  domestic  air-carriers 
earned  the  respect  of  operators  and  en- 
gir^eers  because; 

/  /  simultaneous  channel  operation  on 

/  f  SIMULTA  Kr.nos  new  flexibility  and 

several  frequences  brings  ne 

operational  ease,  ’ 

vSume  of  traffic  norrt^ally  handled 

/  9  .kjstantly  removable  components 

4  INSTANT  transmitter 

"';^.mre.'s‘!ir''-ov.ble  for 
adjacent  channels  continue  to  operate. 

/  ^  dccpaRCH  and  engineering  combined 

H..ced  a  transmitter  capable  of  sustameo 

^:,„on  throogh  ,11  condl.iont  of  fe-opo-,- 
ture.  humidity,  and  weather. 


fit 


TTT 


J 1 


Um 


TTTJ 


p 

'T'T 

1  i 

1 

j 

<>  IS 


I  j|u 


“i 


Mu 


•  i  I 


-  \  d 


Ti4tiU^  *pxec  ^€Uajta^... 

DiPINDABlE  COMMUNICATION 


■  t»  -«  V 


WILCOX  ELECTRIC  COMPANY,  INC.  .  Kansas  a, y  Missouri 
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The  New  fjajtbMd  Omni-directional*  FM  ANTENNA! 


nckMp  Pattern 


•  Hicli  SansHivity 
Jk  SIsnal  Strangth 


•  Raducaa  Man- 
Mad#  Neia#s 


•  Compact,  Light- 
Woight,  Sturdy 


•  No  Sp«cial  Orten- 
tatten  R#quir#d 


•  Lew  Standing 
Wava.Ratio 


•  All-Aluminum 
Construction 


•  Oporatos  Indoors 
or  Outdoors 


FIRST  NON-DIRECTIONAL  DESIGN! 

Groph  above  shows  virtually  circular 
horizontal  directivity  pattern  at  88  me; 
only  slight  elongation  appears  at  108 
me.  Vertical  directivity  shows  no  re¬ 
sponse  to  automobile  ignition  and  other 
mon-made  noises;  gives  maximum 
noise-reducing  benefits. 

*Pat«nt  Appliad  For 


I 


Here  is  the/rt/and  only  FM  Receiving  Antenna 
that  picks  up  signals  from  nil  direaions  .  .  . 
the  only  antenna  that  makes  possible  strong 
reception  even  at  the  outer  limits  of  the  FM 
broadcast  range  where  ordinary  antennas  fail. 
The  exclusive  design  features  of  the  RAUL  AND 
Model  150  FM  Antenna  make  it  the  ideal 
antenna  for  optimum  FM  reception.  Attrac¬ 
tive,  compact  and  sturdy  (free  from  wind 
noises  and  with  low  wind  resistance),  the 
Model  150  is  easy  to  erect  outdoors;  conven¬ 
iently  installed  indoors.  Matches  standard 
300  ohm  FM  input.  Protected  against  light¬ 
ning.  Offers  the  finest  FM  reception  at  the 
lowest  antenna  cost. 


Write  for  interesting  descriptive  bulletin  .  .  . 

THi  RAULAND  CORPORATION 
4265  N.  Knox  Av#nu#,  Chicug#  41,  Illinois 


An  Essential  part  of  the  modern  college  I 
laboratory: 


TODAY’S' 

SCHOOLS... 


must  train  for  TOMORROW 
—  a  challenge  intensified  by 
the  accelerating  pace  of  scien-^ 
tific  and  engineering  advance. 

Specially  designed  to  meet  the 
needs  of  modem  education, 
is  the  NEW  . . 


1313 


SO.  ClARKSON  STIKT  •  DENVER  COLORADO 


TYPI  S-14 

STUDiNrS  OSCILLOGRAPH 


•  Accuracy,  for  the  critical 
researcher 

•  Simplicity,  for  the  under- 
graduate  student 

•  6  to  12  channels,  precision 
components 

WRITE  FOR 
TECHNICAL  BULLETIN 
SP-18SA 


I  NEW  PRODUCTS  (confinusd) 

I  for  a  technique  of  furnishing  .small 
j  springs  or  stampings  in  lengths 
I  with  sections  between  parts  par¬ 
tially  sheared  through.  After  plat¬ 
ing  and  inspection,  the  individual 
parts  snap  off  easily  for  final  assem¬ 
bly,  as  illustrated. 


i  High-Voltage  Coupling 
j  Capacitor  (36) 


:  Sprague  Electric  Co.,  North 
'  Adams  Mass.  Capacitors  used  for 
;  coupling  subscriber’s  telephone 


i  equipment  to  existing  7,200-volt  a-c 
!  distribution  lines  are  now  available, 
j  rated  for  8,700  volts,  with  a  capaci¬ 
tance  of  0.002  microfarad. 


Midget  Relay  (37) 

:  Guardian  Electric  Mfg.  Co.,  Dept. 

'  600,  1625  West  Walnut  St.,  Chicago 
I  12,  Ill.  The  series  600  relay  com- 
I  prises  a  coil  assembly  and  a  contact 


assembly,  both  of  which  are  inter¬ 
changeable.  Contact  combinations 
up  to  four-pole,  double-throw  and 
coils  in  ranges  from  3  to  230  volts 
a-c  and  up  to  110  volts  d-c  are 
available.  Maximum  contact  current 
is  8  amperes. 

Multimeter  (38) 

RMS  Electronics,  Inc.,  73-39  68th 
Ave.,  Middle  Village,  N.  Y.  The 
Byohmmeter  796  multimeter  has 
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Molded  plastic  knobs  and  dials  for  radio — common  now,  bmt 
not  when  we  introduced  the  first  complete  line  of  stock  parts  back 
in  1922.  Here’s  another  Kurz-Kasch  ’first”  that  paid  off! 


JLL^VERYBODY’S  shortcut  to  the  production  economies  of  to¬ 
morrow  is  somebody's  pet  bright  idea  today.  There’s  a  time  lag  before 
that  idea  gets  around.  Meanwhile,  if  you’re  the  lucky  customer  of  the 
originating  molder,  look  at  the  pretty  competitive  position  you’ll  be  in! 

We’ve  done  this  for  Kurz-Kasch  customers  time  and  time  again— and 
we’re  resolved  to  keep  on  doing  it,  as  our  past  and  present  performance 
might  suggest.  So  let’s  get  acquainted.  Send  for  your  copy  of  our  free 
illustrated  booklet,  "A  Businessman’s  Guide  to  the  Molding  of 
Plastics”— on  your  letterhead,  please. 


Kurz-Kasch 


For  Over  30  Years 

Planners  and  Molders  in  Plastics 


Kurz-Kasch,  Inc.,  1425  S.  Broadway,  Dayton  1,  Ohio.  Export  Offices:  89  Broad  Street,  New  York,  N.  Y. 
Branch  Sales  Offices:  New  York  •  Chicago  •  Detroit  •  Los  Angeles  •  Dallas  •  St.  Louis  •  Toronto,  Canada. 
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Tmchnieal  eonsuHation  and 
designing  frvicn  it  avail- 
abln  on  rnqunst.  Addrnst 
inquirins  to  Dmpf.  9-6 


pm pmifAfS'p 

Investigate  the  low-cost 
high-speed  application  of 
tough  all-color,  all-surface 

MEYERCORD 

DECAl  NAMEPLATES 


Meyercord' Decal  name¬ 
plates  are  vibration-proof, 
eliminate  protruding  edges 
and  sharp  corners,  require 
no  screws  or  rivets  for  ap¬ 
plication.  Meyercord  De¬ 
cals  are  durable,  washable, 
and  can  be  produced  in 
any  size,  colors  or  design. 
Popular  water  methods 
permit  fast  application. 


Easy-to-use  solvents  or  ce¬ 
ments  are  specified  when 
required.  Meyercord  re¬ 
search  has  developed  De¬ 
cals  resistant  to  acid,  petro¬ 
leum  products,  alkali,  alco¬ 
hol,  abrasion,  temperature 
extremes  and  rnoisture. 
Can  be  used  on  rough, 
smooth  or  crinkled  surfaces, 
flat,  concave  or  convex. 


Meyercord  Decals  offer  a 
new  efficiency  in  product 
identification.  Years  of  ex¬ 
perience  in  setting  up  high¬ 
speed  production  lines  for 
the  application  of  Decal 
nameplates  have  de¬ 
veloped  many  new  and 
different  techniques,  which 
are  now  available  to 
Meyercord  customers. 


Over  fifty  years  of  actual 
use  has  demonstrated  that 
genuine  Meyercord  Decals 
retain  their  color  and  legi¬ 
bility  for  years  without 
cracking  or  peeling.  There 
is  no  commercial  surface 
known  for  which  Meyercord 
engineers  cannot  design  a 
Decal  for  complete  and 
perfect  surface  adhesion. 


Billions  of  Meyercord  De¬ 
cals  are  in  use  throughout 
the  world.  They  provide  a 
colorful,  highly  legible,  per¬ 
manent  and  easy  method 
of  applying  any  product 
identification,  operating  in¬ 
structions,  patent  data,  lu¬ 
brication  guides,  and  wir¬ 
ing  diagrams.  They  save 
time,  labor,  and  materials. 
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DEPENDABLE 


DIFFERENCE 


1713  W  HUBBARD  ST..  CHICAGO  22 


GENERAL 


ELECTRIC 


NEW  PRODUCTS 


(continued) 


ASK  FOR  fRiE  CATALOG 
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'iiiK!  r 

Ifl  ^ 

DRAKE  ■ 

MANUFACTURING  CO.  IH 

r 

25,000 Olims 
pel  voltP.C. 


NEW  "8QUABK  UNE”  metal  case, 
attractive  tan  "hammered”  baked- 
on  enamel,  brown  trim. 


Replacement  In  case  of  overloadlnc 
Is  as  simple  as  cbanslnc  radio  tube. 


on  6”  Inatmment  protects  asalnsb 
defects  In  workmanship  and  -*fi- 


New  ENGINEERING  •  iVew  DESIGN 
New  RANGES  • 


(50  RANGES) 

Voltage  1  5  D.C.  0-10-50-250-500-1000  at  25000  ohms  per  volt. 

5  A.C.  0-10-50-250-500-1000  at  1000  ohms  per  volt. 

Current  t  4  A.C.  0-.5-1-5-10  amp. 

6  D.C.  0-50  microamperes — 0-1-10-50-250  milliamperes — 0-10  amperes 

4  Resistance  0-4000-40,000  ohms — 4-40  megohms. 

6  Decibel  —10  to  +15,  +29,  +43,  +49,  +55. 

Output  Condenser  in  series  with  A.C.  volt  ranges. 

Model  2400  is  •imitar  but  ha*  D.C,  volt*  Range*  at  5000  ohm*  per  volt,  / 

>  WRITE  FOR  COlfPLETE  DESCRIPTION.  / 


ELECTRICAL  INSTRUMENT  CO 


BLUFFTON,  OHIO 
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NEW  PRODUCTE  (contlnu«d) 

in  a  short  time,  the  Speedomax  in¬ 
dicator  can  be  used.  To  read  a  tem- 
l>erature,  the  operator  flips  a  key 
switch  marked  for  the  desired  ther¬ 
mocouple  ;  the  instrument’s  drum 
scale  spins,  to  stop  at  the  correct 
temperature.  A  sintrle  instrument 
handles  more  than  100  thermocou¬ 
ples.  Key  switches  can  be  color- 
coded  for  convenience  in  identify¬ 
ing  points.  The  amplifler  unit  uses 
standard  vacuum  tubes. 


Temperature  Cuiilrol 
Units  (41) 

Claud  S.  Gordon  Co.,  3000  S.  Wal¬ 
lace  Street,  Chicago  16,  Ill.  The 
new  Xactline  Capacitrol  combines 
in  one  complete  unit  the  features 
of  the*  Xactline  control  unit  and  the 
Capacitrol.  The  integrated  equip¬ 
ment  holds  temperature  tolerances 


Here  is  the  Snap-Action  Open  Blade  switch 
that  is  in  a  class  by  itself.  Its  patented  Rolling  Spring 
construction  is  the  basis  of  almost  unlimited  variations  as 
to  length  and  shape  of  actuators,  movement  and  pressure. 
Terminals  may  be  at  side  or  rear. 

Many  variations  of  this  switch,  at  modest  cost,  already 
in  use  on  various  mass-production  products.  Rated  at  15 
amps.  125  volts  A.  C.  Let  us  help  you  NOW  in  engineering 
your  switch  problems  into  a  Rolling  Spring  Snap-Action 
design  for  better,  more  accurate  performance  and  longer  life. 


ACRO  ELECTRIC  COMPANY 

1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


r  Acme  Electric  Corporation 

uses  PARAMOUNT  PAPER  TUBES 

transformers  , 


as  close  as  plus  or  minus  0.2  F  and 
power  on-off  cycles  as  short  as  3 
seconds.  The  electronic  control  sec¬ 
tion  has  a  direct-reading  indicating 
scale,  a  separately  enclosed  measur¬ 
ing  instrument,  and  interchange¬ 
able  unit  construction.  Descriptive 
literature  is  available. 


Metal  Film  Resistor  (42) 

Continental  Carbon,  Inc.,  13900 
Lorain  Ave.,  Cleveland,  Ohio.  The 
Nobleloy  resistor,  is  now  being 
made  noninductive  in  resistance  val¬ 
ues  ranging  from  0.5  ohm  to  50,000 
ohms,  depending  on  type,  with  a 
precision  accuracy  of  1  percent.  The 
noninductive  characteristic  is  made 
possible  by  the  method  of  longitu¬ 
dinal  grooving  upon  calibration. 
When  used  in  d-c  circuits  or  cir- 


•  This  is  typical  of  the  wide  use  of  PARAMOUNT 
paper  tubes  by  leading  manufacturers  of  electrical, 
radio  and  electronic  products.  With  over  15  years 
of  specialized  experience,  PARAMOUNT  can  pro¬ 
duce  exactly  the  shape  and  size  tubes  you  need  for 
coil  forms  or  other  uses.  Square,  rectangular,  or 
round.  Hi-Dielectric,  Hi-Strength.  Kraft;  Fish  Paper, 
Red  Rope,  or  any  combination,  wound  on  auto¬ 
matic  machines.  Tolerances  plus  or  minus  .002*. 
Made  to  your  specifications  or  engineered  lot  you. 


Lith  great  variety  of 
stodc  arbori.  Includet 
many  odd  lizes.Write 
for  Arbor  Utt  today. 


PARAMOUNT  PAPER  TUBE  CORP 

616  LAFAYEITE  ST.,  FORT  WAYNE  1,  INO. 

Manujacturers  of  Paper  Tubing  for  the  Electrical  Industry 
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The  VX  series  of  subminiature 
vacuum  tubes  are  especially 
adaptable  to  electrometer  ap¬ 
plications  in  fine  instrumen¬ 
tation  and  for  circuits  used  In 
radiation  measurement.  Pea- 
turd  10  ma.  filament  current, 
grid  resistance  of  lO^’^  ohms. 
Unusually  stable. 


The  voltage  regulator  unit 
consists  of  7  subminiature 
gaseous  voltage  regulator 
tubes  uniquely  assembled  In 
one  unit  as  illustrated.  Par¬ 
ticularly  adaptable  where  reg¬ 
ulation  requires  a  flat  top  (130 
volts)  with  close  accuracy  and 
space  conservation. 


The  Hi-megohm  series  of  re¬ 
sistors  cover  a  range  from  1 00 
to  1 0,000,000  megohms.  Vac¬ 
uum  sealed  in  glass  with  spe¬ 
cial  surface  treatment  they 
are  designed  to  meet  the  re¬ 
sistor  requirements  of  fine 
instrumentation. 

Unusually  stable  over  a  vol¬ 
tage  range  of  I  to  100  volts. 


the  bridge  is  ofT  balance  to  sound  a 
warning  bell  or  other  alarm.  A  con¬ 
ductivity  cell  in  the  boiler  return 
line  continuously  checks  return 
steam  condensate  for  contamina¬ 
tion  from  heating  tanks  or  kettles. 

Motor-Driven  Rheostat 

Ward  Leonard  Electric  Co., 
Mount  Vernon,  N.  Y.  The  compact 
Bulletin  GOA  motor  drive,  unit  de- 


NEW  PKOOUCTS  (co«tinu«ei; 

cuits  employing  commercial  fre¬ 
quencies,  the  method  of  calibration 
produces  resistance  values  ranging 
from  0.5  ohm  to  50  megohms. 

Further  information  is  available 
from  the  manufacturer. 


Contamination  Alarm 

Industrial  Instruments,  Inc.,  17 
Pollock  Ave.,  Jersey  City  5,  N.  J. 
The  Solu-Bridge  controller  consists 
of  an  a-c  Wheatstone  bridge  and  a 
sensitive  relay  that  operates  when 


AUTOMATICALLY  WOUND  AT 
HIGH  SPEED  IN  MULTIPLE  FORM 

II  Speeds  as  high  as  2.^00  rpm  are  used 
i  with  the  No.  104  Universal  Coil 
Winding  Machine  to  produce  paper- 
insulated  coils  in  stick  form  without 
attention  from  the  operator. 

I  Automatic  paper  injection  —  various 

I  thicknesses,  one-  or  two-ply. 

I  Uniform  overlap  at  all  diameters  — 

t  length  of  insert  gradually  increased. 

I  Adjustable  traverse  mechanism-  v/ire 

}  layer  length  adjusted  without  remov- 

i  ing  cams. 

j  Compact  supply — up  to  14  wire  spools. 

'  Slotv  start  —  avoids  wire  breakage. 

Rapid  transfer  —  using  secondary 
arbor. 


For  Winding  Coil* 
in  Quantity 

Automaticrdly,  Accurately — Use,, 


ISO 

par  hour 


30 

par  hour 


THE  VKTOREEN  INSTRUMENT  CO. 
5806  HOUGH  AVENUE 
CLEVELAND  3.  OHIO 


Write  for  Bulletin  104 
Universal  Winding  Co. 
P.O.  Box  1605 
Providence  1,  R.  I. 


mi 


O'G 


PAPER-INSULATED 

COILS 


UNIVERSAL 

WINDING  MACHINES 


“SURE,  SILVER 


COSTS  ARE  HIGH  — 
BUT  GENERAL  PLATE 

laminated  metals  cut 


You  can  beat  today’s  high  silver  costs  and  still  get 
solid  silver  performance  by  using  CJeneral  Plate 
Laminated  Metals  in  applications  requiring  silver. 

Because  General  Plate  Laminated  Metals . . . 
sheet,  wire  and  tube  .  .  .  are  made  by  permanently 
bonding  a  thin  layer  of  silver  to  a  thicker  layer  of 
base  metal,  they  give  you  solid  silver  performance 
where  you  need  it.  Thus  you  pay  for  a  small  quantity 
of  silver  plus  the  cost  of  inexpensive  base  metal . . . 
resulting  in  a  large  saving  over  solid  silver.  He- 


member,  too,  that  the  base  metal  adds  strength, 
ease  of  fabrication  and  workability. 

General  Plate  Laminated  Metals  have  high  corro¬ 
sion  resistance,  better  electrical  conductivity,  bet¬ 
ter  spring  properties,  are  easier  to  fabricate.  Use 
them  in  such  applications  as  chemical  apparatus, 
electrical  equipment,  physical  instruments,  radio 
and  electronic  devices. 

W  rite  for  complete  information,  t<xlay.  Kngineers 
are  available  for  consultation ;  ask  for  their  services. 


GENERAL  PLATE  DIVISION 

of  Metals  and  Controls  Corporation 

ATTLEBORO,  MASSACHUSETTS 

50  Church  Sf.,  Nuw  York,  N.  Y.;  205  W.  Wackor  Orivo,  Chicogo,  III.;  2535  Pago  Driv*^  Altgdono,  California;  OranI  Bldg.,  Pittsburgh,  Pa. 
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WHAT  IS  THE 


<PRFMr 


PROFITABLE 
RADIO  SERVICE? 


SUPREME 


WRITE  rOR^ 

V  I 

;\CATAL0Q  ? 


SUPREME  INSTRUMENTS  CORP. 


Gracnwood,  U.S.A, 


Of  course,  the  first  requirement  for 
profitable  radio  service  Is  a  good 
service  man.  The  second  necessity  is 
good  equipment.  A  good  service  man 
with  poor  equipment  Is  a  losing  com¬ 
bination.  Supreme  test  equipment  has 
been  proved  accurate,  dependable — 
"Supreme  by  Comparison"  for  nearly 
20  years. 


SUPREME  MODEL  S4«-A  OSCILLO¬ 
SCOPE,  above,  it  one  of  the  more  pop¬ 
ular  instrumenti  in  the  complete  new 
Supreme  line.  Atk  your  nearest  Supreme 
jobber  to  show  you  and  demonstrate 
this  finer  radio  test  equipment.^ 


(THE  AMERICAN  STEEL  EXPORT  CO.  Inc. 
(347  Madison  Ave.,  New  York  17.  N.  Y.,  U 


Eiperl  Oeparteieiili 


.  .  an  ideal 
METAL  for 
SPRINGS 


Ym,  becauM  of  its  ability  to  withstand  frequent  "strati 
ravartals",  Elephant  Brand  Phosphor  Bronx#  is  really  an 
"ideal"  alloy  for  Springs,  Expansion  Bellows,  Diaphragms, 
etc.  Of  course,  its  other  weil  known  and  proven  qualities 
are:  Corrosion  Resistance,  Strength,  Fatigue  Resistance, 
Easy  Workability,  Low  Riction  Coefficient,  Resistance  to 
breakdown  under  arcing,  an  excellent  Electrical  Con¬ 
ductor,  and  Non-magnatic  properties, — so,  may  we  suggest 
that  you  look  into  the  great  advantages  of  "Elephant 
Brand",  the  P/oneer  Miotpkor  Bronx#  .  .  .  Send  for  the 
Handbook  mentioned  below. 


1.  Compression  Spring 

2.  Torsion  Spring 

3.  Extension  Spring 
A.  Involute  Spring 
5.  Spring  Contact 
(.  Involute  Spring 

7.  Compression  Spring 

I.  Fuse  Clip 

T.  Extension  Spring 
10.  Spring  Washer 

II.  Lock  Washer 

12.  Lock  Washer 

13.  Spring  Washer 


ROD^  e  WIRE  e  SHEETS  e  STRIPS  e  BUSHINGS  a  CASTINGS 


I 
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20  percent.  Since  complete  inter¬ 
ruption  of  the  light  beam  is  not  re¬ 
quired  for  normal  operation,  objects 
as*  small  as  ten  thousandths  of  an 
inch  have  been  counted  with  abso¬ 
lute  accuracy.  The  unit  also  con¬ 
tains  a  capacitor  discharge  output 
circuit  for  the  high-speed  operation 
of  control  solenoids  such  as  are  re¬ 
quired  for  deflector  gates  and  pack¬ 
aging  equipment. 

Skeleton  Snap  Switch  (46) 

Micro  Switch,  Freeport,  Ill.  A 
new  unhoused,  skeleton-type  snap- 
action  switch  known  as  the  SK  se¬ 
ries,  is  particularly  adapted  to  ac¬ 


tuation  by  rotating  or  sliding  cams. 
Costing  less  than  encased  units,  the 
new  switch’s  characteristics  ap¬ 
proximate  those  of  the  more  con¬ 
ventional  types. 

P-A  Amplifiers  (47) 

Thordarson  Electric  Mfg.  Div.  of 
Maguire  Industries,  Inc.,  Chicago 
11,  Ill.,  has  announced  a  line  of 
public  address  amplifiers,  a  pream¬ 
plifier  and  a  booster.  The  25-watt 
amplier  illustrated  provides  three 
input  circuits,  all  of  which  may  be 
electronically  mixed  to  feed  the  out¬ 
put  circuit.  Two  of  these  are  de¬ 
signed  for  microphones  and  one  for 
phonograph  input.  With  the  sepa¬ 
rate  bass  and  treble  tone  controls 
in  normal  positions,  frequency  re¬ 
sponse  is  flat  within  1  db  from.  30 
to  15,000  cycles.  Hum  level  is  65  db 
below  rated  output.  The  8-watt  and 
50-watt  models  differ  in  several 
respects,  peak  output  from  the  lat- 
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Tb«  Citmicsl  LMhorm$ory  wh«r*  midktt  hu*  mttsl  is 
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Superior 


W  t 

i' 

Electronic  Tubing  Gets  its 


Tb«  micro-stractmrtofnicktlhisst  materusl  ircbackad  cms- 
stMtly  $0  insare  sekctkm  of  only  tbt  highest  qaality  stock. 


Degree”  in  Chemistry 

In  no  other  class  of  metal  tubing  is  chemical  analysis  and  control  so 
important  as  in  tubing  for  electron  tubes.  Superior  Tube  Company  has 
built  up  over  the  years  a  highly  specialized  Chemical  Laboratory  which 
has  its  finger  on  the  pulse  of  production  and  research  in  a  plant  manufac* 
turing  most  of  the  metal  tubing  used  in  electron  tubes. 

Why  is  this  constant  vigilance  of  benefit  to  you? 

. . .  because  accurate  analysf!i  of  cathode  base  metals  is  important  insur¬ 
ance  that  later  reaction  with  the  active  oxide  coating  will  produce  electron 
emission  at  the  levels  you  require. 

. . .  because  a  dozen  elements  comprising  less  Aan  one-half  of  one  per 
cent  of  the  total  composition  are  responsible  for  large  differences  in 
cathode  activity.  Detailed  analyses  to  .01%  and  better  are  imperative  for 
maximum  performance. 


To  gaartf  against  contammatioa  of  the 
nickel  material  hy  certain  processing  lahri- 
cants  the  taking  is  thoroagbly  degreased 
before  annealing  operation. 


. . ,  because  the  Chemical  Laboratory  has  developed  improved  drawing  lubricants 
and  cleaning  methods  which  have  been  found  to  be  essential  in  providing  you 
with  the  best  cathode  emission. 

. . .  because  ^our  tube  design  requirements  may  demand  a  base  metal  of  low, 
normal  or  high  activity— any  of  which  we  can  supply.  You  may  have  confidence 
that  the  cathode  material  is  chemically  controlled  by  our  Laboratory  from  raw 
stock  to  finished  product. 

The  Electronics  Division  of  Superior  Tube  Company  has  achieved  leadership  in 
producing  tubing  for  electron  tubes  of  all  types,  by  being  equipped  and  staffed 
to  carry  on  experimental  work,  while  maintaining  the  highest  day-by-day  stand¬ 
ards  of  low  cost  mass  production. 


ELECTRONICS  DIVISION 

^2500  Oarmantewn  Ava.  •  Narristawn,  Pannaylvanlo. 
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^relays 


"5^ 


EXCEPTIONALLY  SMALL  AND  COMPACT 
YET  EXTREMELY  RUGGED! 

O  R-B-M  announces  a  new  line  of  general  purpose  magnetic  relays,  with  either 
A.C.  or  D.C.  shunt  coils  or  series  coils,  for  electronic  applications. 

Relays  are  available  in  standard  contact  arrangement  of  single  and  two  pole 
normally  open,  normally  closed;  or  double  throw  with  light  and  heavy  contacts. 
Four  and  six  pole  double  throw  relays  are  available  with  3  ampere  contacts  at 
32  volts  oi  less. 

Insert  shows  double  pole,  normally  open  contactor  rated  12  amperes,  115 
volts,  A.C.,  and  6  amperes  at  230  volts,  A.C.  This  relay  is  designed  in  accordance 
with  Underwriters’  specifications  and  will  ultimately  carry  Underwriters’  Approval 
for  Small  Devices  classifica-  ^ 

tion.  For  further  information  R.  “  B "  DIVISION 

write  for  Bulletin  570.  Ad-  Essex  Wmi  Corpoxation 

dress  Department  A-6  Logan  sport,  Indiana 
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Bradley  Luxfron*  photocells  im« 
prove  control  over  manufacturing 
operations,  reducing  your  costs. 
They  meet  the  most  exacting  re* 
quirements.  Advanced  manufac* 
turing  techniques  make  light* 
actuated  Bradley  cells  the  choice 
all  over  the  world. 

'  Luxtron  photocells  convert  light 
directly  into  electrical  energy.  No 
external  source  of  voltage  is  re* 
quired.  Besides  the  housed  model 
shown  with  its  plug* in  contacts, 
Bradley  also  offers  lube  socket, 
nut*and*bolt  types  and  pigtail 
contact  mountings.  In  addition, 
Luxtron  unmounted  cells  ore 
available  in  many  different  sizes 
and  shapes. 


lilustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
a  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 


ALLEN 


NEW  PRODUCTS 


(colltlAU«dJ 


HEX-SOCKET  SCREWS 


can  be  held  on  the  end  of  an  Allen  driver 
and  started  in  the  tapped  hole  instanter! 
Or  they  may  be  held  on  an  Allen  Hex 
Key  and  turned  in  places  where  thumb- 
and'finger  work  awkwardly  if  at  alL 
Fast  in  assembling! 

And  for  set-ups  hard  to  hold  under  vi¬ 
bration,  "Allens”  have  (1)  STRENGTH  for 
tight  wrenching;  (2)  Accurate  threading 
to  a  high  Class  3  fit,  for  a  high  degree 
of  frictional  holding -power. 

Your  local  Industrial  Distributor 
supplies  also  Allen  Socket  Head  Cap 
Screws,  Flat  Head  Cap  Screws, 
**Tru~Ground’*  Shoulder  Screws  and 
"Tru-Ground"  Dowel  Pins.  Ask 
him  for  samples  or  demonstration. 


m  snrn  ' 

^  T  »f  i 


ter  being  66  watts.  Booster  units 
can  be  rack  mounted  or  located  at 
the  speaker  end  of  a  line  from  the 
central  control.  They  are  designed 
to  give  an  output  of  25  watts  each 
when  used  with  the  rack-mounted 
preamplier  unit. 

Heating  Triode  (48) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  The  new  type  GL-5549 
triode  is  capable  of  furnishing  6 
kilowatts  of  power  output  up  to  50 
me.  A  pure  tungsten  filament  al¬ 


lows  reduction  of  filament  voltage 
during  periods  of  no  plate  power, 
adapting  the  tube  to  intermittent 
service  in  dielectric  heating  appli¬ 
cations. 

Decade  Amplifier  (49) 

Kalbfell  Laboratories,  1076  Mor- 
ena  Boulevard,  San  Diego  10,  Calif. 
A  new  decade  amplifier  having  high 
gain  and  power  output  has  an  out¬ 
put  impedance  of  less  than  25  ohms 
and  is  used  as  a  preamplifier  for 
copper-oxide  type  voltmeters  and 
for  vacuum  tube  voltmeters.  It  will 
deliver  up  to  50  volts  at  10  ma  rms. 
It  incorporates  negative  feedback 


PHOTO  ELECTRIC 
CELLS 


BRADLEY 

LABORATORIES,  INC. 


^^2  Meadow  St.  New  Haven  10,  Conn 
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Skilled  Operators  'winding  voice  coils, 
the  heart  of  Magnavox  dynamic  speakers 


Qualify/  Economy/  Dependability  Assured 
^  —  in  Components  by  Magnavox 


As  the  oldest  and  largest  manufaaurer 
^  of  loud  speakers,  Magnavox  has  devel¬ 
oped  overall  experience  and  skills,  that  are 
unsurpassed  in  the  radio  industry.  Magnavox 
capacitors,  speakers  and  other  component 
parts  are  established  as  the  standard  of  quality. 

Today  six  acres  of  modern  plant  and 
equipment,  a  competent  staff  of  trained 
engineers  and  designers,  plus  32  years  of 
research  and  development  stand  ready  to 


be  applied  to  any  of  your  component 
problems.  Specializing  in  the  quantity 
produaion  of  quality  components  for  the 
manufaauring  trade,  Magnavox  can  meet 
your  specifications  exactly! 

When  you  need  component  parts, 
specify  the  name  Magnavox — symbol  of 
quality  in  radio  manufacturing  since  1915. 
The  Magnavox  Company,  Components 
Division,  Fort  Wayne  4,  Indiana. 


Ilactrelytic  Capacitor*— standard¬ 
ized  into  8  container  sizes  to  sim¬ 
plify  design  and  assembly  problems. 


has  served  the  radio 


industry  for  over  32  years 
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in  addition  to  a  fully  regulated 
power  supply  and  is  flat  within  1  db 
from  below  10  cycles  to  1  megacycle. 
The  amplification  factors  are  100, 
1,000  and  10,000  on  its  three  ranges. 
It  is  described  in  a  bulletin 

Signal  Generator  (50) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  type  YGS-3  signal  gen-* 
erator  combines  r-f  and  a-f  signal 
voltages,  a  1-mc  crystal  calibrator 


mounting  wires  are  directly  sol¬ 
dered  is  available  in  a  completely 
sealed  holder.  Standard  I  inch  pin 
spacing  is  used.  The  unit  complete 
with  circuit  diagram  sells  for  $6.95. 


Defrosting  Control  (52) 

Bush  Manufacturing  Co.,  Hart¬ 
ford,  Conn.  An  electronic  control 
is  now  available  for  automatic  wa¬ 
ter  defrosting  of  refrigeration  sys- 
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and  a  variable-frequency  audio  os¬ 
cillator.  Fundamental  range  of  the 
r-f  oscillator  is  100  kc  to  150  me. 


Frequency  Standard 
Crystal  (51) 


James  Knights  Co.,  Sandwich,  Ill. 
A  100-kc  frequency  standard  with 
silvered  electrodes  to  which  the 


FASTENS  DEEP, 
HOLLOW  SHAPES 

of  metal,  fabric,  wood  or  plastic 


Typewriter  Cases 
Camera  Carrying  Cases 
Lunch  Boxes,  etc. 


faster,  cheaper 
stronger 


with  semi-tubular  or  split  rivets 


If  your  product  —  whether  metal,  fabric,  wood  or 
plastic  —  requires  fastening  and  the  parts  can  be 
brought  to  a  machine,  investigate  MILFORD 
FASTENING  EQUIPMENT.  Fifteen  standard 
models  of  rivet-setters  to  fasten  everything  from 
wrist  watch  bracelets  to  refrigerators. 

THE  MILFORD  RIVET 
&  MACHINE  CO. 

tSf  Iridgepert  Avchm*,  Milford,  Coaa. 

1002  West  Rlvor  StrMt,  Elyria.  Ohio 

Inquirit  may  also  ba  addrassad  io  our  subsidiary: 

THE  PENN  RIVET  «  MACHINE  CO.,  PHILADELPHIA  33.  PENNA. 


MODEL 
No.  1001 


POWDERED  METAL  CORES 


evUc^ 


EXCLUSIVE  SPECIALTY, 


Since  1936,  we  of  the  Pyroferric  Company 
hove  devoted  ourselves  exclusively  to  the  art 
of  manufacturing  powdered  metal  cores  .  .  . 
at  no  time  have  we  been  affiliated  with  other 
enterprises  such  as  radio  set  manufacturing, 
coil  winding,  etc. 

Today  our  policy  is  the  same  as  always;  to 
manufacture  the  best  of  our  unique  type  of 
product  and  to  serve  all  of  the  radio  business 
without  preference  or  partiality. 

PYROFERRIC  means  specification  powdered 
metal  cores. 


YROFERRIC 

175  VARICK  ST.  I  NEW  YORK  14,  N.  Y. 


DEPENDABLE  ELECTRONIC  EQUIPMENT  SINCE  1928 


No  insulation  domage  from 
flashover 


2  to  19  contacts 


Two  Viows  of  Typical  Receptacle  Two  Views  of  Typical  Plug 


24  combinations 


Floating  contacts  in  Plugs 


Small-size  pin-plug  contacts 
in  Receptacles  (shown  below) 


mum-copP«« 

*erip.-n.e  other 

r  recess  at  the  base 

.Plug-Thetoo'^P"”** 


„  coos.tot.ioo  ot. 

by  A.R  <^- 
by  the  oollioos  to 

aircraft. 

ioioo.sptiog‘"’8"' 

oo«<lioo.sa. 


lACtUAl 


Write  on  your  letterhead  for 
our  Catalog  describing  these 
and  our  other  Component  Parts. 


?  li 


*>/»• 

RECTANGULAR 


Bridge  type  construction 
assures  ruggedness  and 
continued  accuracy. 


SHEET  METAL  PRODUCTS  — 
sueii  «f: 

INSTRUMENT  PANELS,  RADIO 
COMMUNICATION  CASES  and 
ENCLOSURES,  OSCILLATOR 
BOXES,  CHASSIS  and  CABINET 
ASSEMBLIES  RACKS  and  SPARE 
PARTS  BOXES.  WATERPROOF 
CABINETS  and  BOXES,  METAL 
stampings,  forming  and 
WELDING  of  FERROUS  and 

nonferrous  metals.  V. 


to  20  kilocycles  and  consists  essen¬ 
tially  of  a  precision  attenuator, 
high-gain  stabilized  amplifier,  bal¬ 
anced  diode  rectifier,  d-c  microam¬ 
meter  and  a  regulated  power 
supply. 


Radiation  Thermocouple  (^4) 


Wa  can  auura  you  of  aaealtanf 
worbnanthip  and  prompt  dativ- 
arlaf.  Sand  ut  your  bluaprinis  and 
tpaolficafions.  Wa  shall  quota  you 


The  Perkin-Elmer  Ckirp.,  Glen- 
brook,  Conn.  A  new  radiation  ther¬ 
mocouple  combines  the  fast  re¬ 
sponse  characteristic  of  bolometers 
with  a  sensitivity  and  signal-to- 
noise  ratio  exceeding  that  measured 
for  available  vacuum  thermocou¬ 
ples.  The  standard  model,  with  a 
target  size  of  2  x  0.2  millimeters 


Manufacturers  who  use 
large  quantities  of  meters 
are  continually  swinging 
over  to  DALE  Instru¬ 
ments.  In  addition  to  our 
standard  models,  we  also 
build  meters  to  your 
specifications.  Special 
dials — Special  cases. 

PROMPT  deliveries.  You 
may  depend  upon  our  de¬ 
livery  promises.  Prices 
you  want  to  pay. 


S.  Walter  Co. 


DALE 


INSTRUMENTS 


PRECISION 

SHEET  METAL  PRODUCTS 


144  -  146  CENTRE  STREET 

BROOKLYN  31.  NEW  YORK 
Tpl.  MAin  4  7395 


Div.  of  Electronic  Development  Co. 

4408  N.  23 RD  ST. 
OMAHA,  NEBRASKA  U.S.A. 
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Tolerance  is  Important 


.  .  Especially  when  it  <omes  to  radio  parts. 
That’s  why  National  parts  are  precision-made 
with  tolerances  measured  as  close  as  .0002". 

Operational  results  justify  this  close  atten¬ 
tion  to  detail  for  every  National  precision 
condenser  is  mechanically  and  electrically 


interchangeable  and  can  be  depended  upon 
to  fit  the  specifications  called  for.  Production 
flows  smoothly  when  you  use  National  parts 
because  their  closely-tooled  tolerances  and 
sturdy  construction  make  replacements  un¬ 
necessary  . . . 

4^  Send  for  your  copy  of  the  new  National 
catalog  containing  over 
600  parts  today. 


Pl*a««  writ*  to  D*partm*nl 
10,  Notional  Company, 
for  further  information 


‘  Company,  Inc. 

IflaldeTi,  lllass. 

OF  LIFETIME  RADIO  EQUIPMENT 
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and  a  resistance  of  20  ohms,  shows 
a  sensitivity  of  10  microvolts  per 
microwatt  and  a  speed  of  response 
such  that  the  peak  to  peak  output 
voltage  is  greater  than  80  percent 
of  the  steady  state  voltage  with  5- 
cycle  modulation. 

Pocket  Ohmmcter 

Sylvania  Electric  Products  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
Preliminary  isolation  of  electrical 
faults  is  easily  accomplished  with 


^  TOkiAKEA  CRYSTAL  UNIT 


Traiisniiller  Capacitors 

Industrial  Condenser  Corp.,  3243 
N.  California  Ave.,  Chicago  18,  Ill. 
The  new  line  of  f-m  and  television 


JuM,  1947  — ELECTRONICS 


Radar  Transfer  Switch  (57) 

Radio  Corf,  of  America,  Camden, 
N.  J.  A  new  .switch,  type  AVA-68, 
is  electrically  operated  and  makes 
possible  the  use  of  a  single  pair  of 
antennas  for  operation  of  two  sepa- 


transmitter  capacitors  illustrated  is 
described  in  catalog  No.  1083. 


REEVES-HOFFMAN  experience  in  the  design  of  crystal  units  and  the 
machinery  to  cut  and  lopp  crystals  is  yoiu  assurance  of  precision,  de¬ 
pendability,  and  economy. 

REEVES-HOFFMAN  production  equipment  .enables  you  to  get  ex 
treme  precision  crystals  in  quantity,  and  assures  quick  delivery. 

REEVES-HOFFMAN  con  moke  crystal  units  to  fit  your  circuits,  to  your 
spediications. 


For  specifications 
of  standcnd  Crystal 
Units  write  for 
Catalog  RHC-1 


a  new  ohmeter  that  is  direct  read¬ 
ing  between  0  and  10,000  ohms.  The 
equipment  illustrated  uses  a  small 
Weston  meter  and  a  standard  pen- 
light  dry  cell. 


ONAN  ELECTRIC  PLANTS 
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36  SniES 

D.C.  Vohag*  Generators  for  Cen» 
Irol  and  Tachometer  applications 
. .  2  Vohs  fif  hundr^  R.  f.  M. 
Permanent  magnet  Reid  .  .  , 
weight,  20  os.  Diameter  2'A'. 
Length  3'. 


ALTERNATORS 

Special  AHomators  designod  for 
any  application.  20  to  1000 
cyclot  up  to  50  watts.  Spocialists 
in  permanent  magnet  dosigns. 
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Comoro  ana 

Chart  Recorders 

Hoor  Fons 

0i.p.n.in9  »*a‘W"«* 
Timing  APP»~'"’ 

Torn^oWes  \ 

1  Air  CoodWioning 


Eastern  Air  Devices'  units  embody 
oil  of  the  important  advances  in 
design  and  construction  made 
during  the  war.  Included  are  such 
features  as:  replaceable  "cap¬ 
sule”  bearings,  snap  ring  con¬ 
struction  for  easy  disassembly, 
radically  improved  cooling 
means,  insuring  long  life  with 
minimum  size  and  weight,  etc. 
Let  us  fit  an  E.  A.  D.  unit  to  your 
application. 


EASTERN  AIR  DEVICES,  INC. 

585  Deen  Street  -  Brooklyn  17,  N.  Y.  Tel.  Sterling  3-3408 
EAD  Foreign  Dept. -70  Pine  St.,  N.Y.C.  Tel.  Wkitebell  4-8729 


AXIAL  PLOW  BLOWERS 
Numerous  types  for  50,  60  and 
400  Cycle  application.  170  to 
800  C.F.M.  (NEMA  Code). 
65  to  300  C.F.M.  (NAFM 
Code).  Designed  for  use  in 
electronic  or  industrial  equip¬ 
ment. 


CENTRIFUGAL  BLOWERS 
Numerous  Types  for  50,  60 
and  400  Cycle  application.  60 
to  110  C.F.M.  For  use  in  elec¬ 
tronic  or  industrial  equipment. 
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For  cutting  direct 
on  all  coated  aluminum,  paper 
or  glass  base  discs.  Machine- 
lapped  to  insure  a  mirror-like 
finish  ...  a  clean,  quiet-cut 
groove. 


TheC.O.  JELLIFF 
MANUFACTURING 
CORPORATION 


Made  to  fit  the 
groove  cut  by  the  Brilliantone 
Recording  Needle.  Used  by  top 
radio  stations  and  transcription 
companies. 

Products  of 


Sole  Distributor 

370  Seventh  Ave.,  NewYorIc  1,  N.Y, 


Send  for  New  Catalog  "O' 
and  Current  Prite  Lists 


KIRKLAND 

PILOT-LICHT5 

ARE  DISTPIBUTED 
NATIONALLY  BY 


GENERAlElECmiC 

SUPPLY  CORPOIMTION. 


rate  radar  altimeters.  The  device 
is  essentially  a  double-pole,  double¬ 
throw  coaxial  switch. 


ELECTRIC  COMPANY.  INC. 


WESTINCaKUSE 

ELECTRIC  SUPPLY  COMPANY 


Literature 


•  Ne.«00U»lt  Units 

Underwriters'  Approved  heavy  duty 
unit  for  120V  service.  S6  bulb. 

Single  hole  mounting  on  !•%'' 
diameter  hole.  Overall  length  of 
threaded  area  1*7/1 6".  Also  ideal 
for  building  Lamp  Annunciators 
(furnished  with  flat  lanse  for  letters 
or  numbers).  WriH  for  Catalogue. 

THE  H.  R.  KIRKLAND  CO. 

Morristown,  N.  J. 


(58) 

Permanmt  Magnets.  Thomas  and 
Skinner  Steel  Products  Co.,  1034 
East  23rd  St.,  Indianapolis,  Ind. 
Magnets  and  magnet  chargers  are 
this  company’s  business.  There  are 
16  pages  of  engineering  informa¬ 
tion  offered. 


2100° F  ^ 

with  lElllFF  ^ 
RESISTANCE  WIRE 


(59) 

New  Data  Sheets.  E.  F.  Johnson 
Lk).,  Waseca,  Minn,  has  data  sheets 
available  on  the  following  equip¬ 
ment:  f-m  Iso-Coupler,  phase  sam¬ 
pling,  tower  lighting  filters,  sup¬ 
port  for  open-wire  transmission 
lines,  pressurized  capacitors,  neu¬ 
tralizing  capacitors,  and  inductors. 


FOR  RELIABLE  HEATING 
ELEMENTS  and  RESISTORS 


Even  the  devil  himself  could  not  with¬ 
stand  the  extreme  temperatures  to  which 
Jelliff  resistance  wires  are  subjected.  Con¬ 
stant  research,  application  study  and 
controlled  production  assure  you  fine 
quality  products  of  superior  performance 
and  long  life. 

Jelliff  resistance  alloys  are  used  exten¬ 
sively  for  industrial,  radio  and  electronic 
equipment;  domestic  appliances;  instru¬ 
ments;  transportation  apparatus  and 
materials  handling  equipment. 

For  specific  engineer- 
yBwP**  -1  ing  data  applying  to 
your  problem,  refer  to 
the  new  and  complete 
Jelliff  Resist- 
ance  Alloys  Catalog. 

Writt  Dept.  201  for  Catalog  No.  46 


(60) 

Liquid  Level  Controls.  B/W  Con¬ 
troller  Corp.,  2200  East  Maple 
Road,  Birmingham,  Mich.  Multiple 
pump  controls,  starter  and  relay 
combinations,  electrodes,  and  the 
other  equipment  necessary  to  an 
all-electric  fioatless  system  are  de¬ 
scribed  in  Catalog  147. 


(61) 

Drafting  Material.  Eastman  Ko¬ 
dak  Co.,  Rochester  4,  N.  Y.  A  new 
translucent  tracing  material  is  de¬ 
scribed  in  a  4-page  pamphlet.  Ko- 
datrace  is  made  of  safety-base  film 
tinted  blue  and  given  a  fine  grain 
matte  surface. 


(62) 

Power  Resistors.  International  Re¬ 
sistance  Co.,  401  N.  Broad  St.,  Phil¬ 
adelphia  8,  Pa.  Bulletin  C-2  rounds 
up  the  line  of  power  wire-wound 
resistors  that  can  be  obtained  in 
ratings  from  5  to  225  watts  in  all 
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CORRECT' 

LIGHTING 

IS  ^itte€l 

TO  THE  PERSON 

...TO  THE  JOB 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 


Ihe  man  at  the  bench  needs  con¬ 
centrated  light.  The  typist  wants 
illumination  over  a  greater  spread. 
The  lighting  you  might  prefer 
would  probably  differ  from  that 
suitable  for  an  inspector,  drafts¬ 
man  or  operator  of  a  bookkeep¬ 
ing  machine.  How,  then,  can  you 
provide  efficient  localized  lighting 
for  such  varied  conditions? 

You’ll  find  your  answer  in  the 
Dazor  Floating  Lamp.  For  Dazor 
lighting  ’  is  individually  fitted  to 
the  user,  to  the  job.  Each  employee 
gets  enough  light  for  clear^ .  easy 
seeing  . . .  light  that  is  properly 
placed  to  free  eyes  from  the  strain 
of  shadows  and  glare.  With  -no 
more  effort  than  pointing  a  flash¬ 
light,  the  hand  floats  the  Dazor 
reflector  to  any  desired  position. 
Held  firmly  by  the  patented  Dazor 


Floating  Arm,  it  stays  until  pur¬ 
posely  shifted. 

By  installing  this  personalized 
lighting  for  precision  work  in 
shop  or  office  you  encourage 
higher  production,  curb  errors 
and  waste,  promote  well-being 
and  safety.  And  note,  please,  that 
modern  design  makes  the  Dazor 
Lamp  an  attractive  addition  to 
your  equipment. 

Phone  Your  Dazor  Distributor  for 

more  detailed  information  or  a 
demonstration.  If  unacquainted 
with  this  distributor  of  improved 
lighting,  write  for  his  name  to 
Dazor  Manufacturing  Corp., 
4481-87  Duncan  Ave.,  St.  Louis 
10,  Mo.  In  Canada  address  in¬ 
quiries  to  Amalgamated  Electric 
Corporation  Limited,  Toronto  6, 
Ontario. 


^4Z0R  FtOATIMG 

FLUORESCENT  and  INCANDESCENT 
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Cd  CH  YOUR  HANDS 


when  you  use  the  hundy  BUD  Catalo9! 
in  it,  you  find  not  only  BUD  precision*buiit 
Condensers  for  every  application,  but  an 
almost  limitless  range  of  the  latest-typo 
radio  and  electronic  parts.  BUD  keeps  your 
requirements  in  hand  by  supplying  them 
promptly  Build  with  BUD 


NEW  PRODUCTS  (continutd) 

the  usual  types,  inductive  or  non- 
inductive,  fixed  or  adjustable,  high 
temperature  or  high  humidity  coat¬ 
ings. 


CONDENSER 


(63) 

Densitometers.  L.  J.  Long  Co.,  198 
Lorraine  Ave.,  Montclair  N.  J.  The 
model  D-2  and  D-4  photoelectric 
densitometers  are  described  in  a 
brochure  that  also  indicates  their 
uses. 


164) 

Laboratory  Equipment.  Measure¬ 
ments  Corp.,  Boonton,  N.  J.  A  new 
catalog-type  4-page  folder  de¬ 
scribes  signal  generators,  pulse 
generators  and  radio-frequency 
test  equipment. 


(65) 

Control  Instruments.  Wheelco  In¬ 
struments  Co.,  847  W.  Harrison 
St.,  Chicago  7,  Ill.  Information 
contained  in  Bulletin  No.  3-6400 
is  interestingly  presented  by 
means  of  photographs  and  draw¬ 
ings  combined  to  show  external  ap¬ 
pearance  and  working  principles 
of  a  line  of  electronic  controls. 


.  .  .  with  th«  latest  types  of  equipment  Including: 
condensers  —  chokes  —  coils  —  insulators  —  Plugs  — 
Jacks  —  switches  —  dials  —  test  leads  —  iewel  lights 
and  a  complete  line  of  ultra-modern  cabinets  and 
chassis. 


BUD  RADIO,  INC. 

Clqvelanil  3,  Ohio 


(66) 

Corrosion  Proofing.  Aircraft-Ma¬ 
rine  Products,  Inc.  1523  N.  4th 
St.,  Harrisburg,  Pa.  Said  to  be  an 
exclusive  process  for  the  protec¬ 
tion  of  electrical  connections 
against  corrosion,  the  AMP  system 
is  described  in  a  four-page  folder. 


(67) 

Insulating  Varnishes.  General 
Electric  Co.,  Pittsfield,  Mass.  A 
40-page  booklet  contains  specifica¬ 
tions,  electrical  properties,  film 
properties,  cure  and  aging,  chemi¬ 
cal  properties  and  baking  and  air 
drying  cycles  of  each  type  of  var¬ 
nish  and  insulating  enamel. 


(68) 

Electrical  Test  Equipment.  Indus¬ 
trial  Instruments,  Inc.,  17  Pollock 
Ave.,  Jersey  City  5,  N.  J.  Bridges, 
resistor  decades,  breakdown  test¬ 
ers,  and  similar  equipment  are 
listed  in  Catalog  10. 


(69) 

Air  Trimmer.  North  American 
Philips  Co.,  Inc.,  100  East  42nd  St., 
New  York,  N.  Y.  A  4-page  folder 


INDUSTRIAL  TIMER  CORPORATION 

111  EDISON  PLACE  •  "KNOV/N  THE  WORLD  OVER"  NEWARK,  N.  J. 
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Whatever  romblnation  of  conditions  your  sprin|gs  must  flifht... 

CMROSION  •  lUST  •  HEAT  •  COLO  •  HIGH  STRESS  •  FATIGUE 

Whatever  type  of  sprlufj*  you  need... 

(OMKESSIOH  •  EXTEHSlOH  •  TORSlOH  •  SFIRAl  •  FUT  •  CLIP  •  RHAIHEI  •  GARTER  •  lAHAHA 


ronsider  these  alloys  first... 

HOHEl*  •  "r*  MOHEl*  •  IHCOHEl*  •  'T'  HICKEl*  •  HICKEL 


NICKEL  ALLOYS 


There  is  no  need  to  put  up  any  longer  with  repeated  troubles  that  can  be  avoided 
by  using  INCO  Nickel  Alloy  springs  for  corrosive  conditions  and  elevated  or 
sub-zero  temperatures. 

Now,  rustless,  high-strength  springs  can  be  made  of  five  different  iNCO  Nickel 
Alloys  to  withstand  corrosive  attack  and  temperatures  up  to  7 30°  F.  or  even  higher. 

And  they  cost  so  much  less  than  special  alloy  springs  that  it  is  practical  to  use 
them  for  any  application  where  heat,  corrosion  or  fatigue  are  causing  you  trouble 
with  ordinary  spring  parts. 


HERTS  A  CHANCE  TO  GET  RID  OF  THE  SPRING  PROBLEM 


THAT  HAS  BEEN  BOTHERING  YOU 


Send  for  "ANALYZING  THE  SPRING  PROBLEM.”  When  you  «et 
this  simplified  worksheet,  jot  down  the  data  about  your  spring  problem 
and  what  you  want  in  a  spring.  The  information  you  supply,  plus  our 
service  records  and  test  data,  will  enable  us  to  judge  which  material  can 
be  recommended  for  your  particular  service.  Then,  we  will  cooperate 
with  your  spring  manufacturer  to  work  out  the  answer  to  your  problem. 
That  is  all  you  need  to  do.  Write  today  for  "ANALY21ING  THE 
SPRING  PROBLEM.” 
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NEW  nODUCTS  (cMtftoiMd) 

describes  a‘  new-type  air  trimmer 
capacitor  that  is  simple  to  adjust, 
has  high  insulation  resistance  and 
a  high  Q. 


Chief  Engineers 

Studio  Engineers 

TransmHfnr  Englnenrs  for 
700  FM  Broadcast  Stations 

— the  F.C.C.  predicts 
will  be  in  operation 
by  the  end  of  1947 


(70) 

Special  C-R  Tubes.  Electronic 
Tube  Corp.,  1200  East  Mermaid 
Ave.,  Chestnut  Hill,  Philadelphia 
18,  Pa.  Detailed  data  sheets  are 
now  available  on  the  new  3-  and 
5-inch  cathode  ray  tubes  of  the 
polar  co-ordinate  type  originally 
postulated  by  von  Ardenne. 


(71) 

Magnetic  Iron  Powder.  Geo.  S. 
Mepham  Corp.,  2001  Lynch  Ave., 
East  St  Louis,  Ill.  Twenty-eight 
pages  of  a  booklet  are  required  to 
tell  the  story  of  various  tsrpes  of 
powder  used  in  high-frequency 
cores. 


YES,  Plenty  of  Good-Paying  Jobs 
. . .  But  Only  for  Those  Qualified 


700  new  FM  Kmtioos  says  the  F.C.C.  By 
next  year  there  will  be  3  times  as  many 
broadcasting  stations  (AM.  FM  and 
TV),  as  there  were  before  the  war. 

Radio  is  not  only  expanding  in  job 
opportunities,  but  it  is  also  grossing  in 
t^fiical  complexity.  Rapid  derelopments 
in  the  field  of  radio-electronics  are  leav¬ 
ing  many  old-time  radio  men  far  bdiind 
the  parade.  These  are  the  men  who  fail 
to  realiae  that  their  technical  knowledge 
must  grow  with  the  expansion  of  radio 
itself. 

What  does  this  mean  to  you?  It  means 
you  must  study  to  bold  your  job  .  .  . 
and  to  qualify  -for  the  better  job  you 
want.  CREI  modem  technical  training 
can  (within  a  comparatively  short  time) 
enable  you  to  step  ahead  of  those  who 
have  failed  to  improve  their  ability 
through  technical  training. 

all  the  facts  today.  Leam  how 
CREI  spare  time  technical  training  can 
help  you  as  it  has  helped  thousands  of 
other  professional  radiomen  advance  to 
better  jobs  during  the  past  twenty  years. 


if  Spocify  "GREENOHMS'*  if  you  wemt  the 
toughest  things  in  power  resistors.  For 
Greenohms  ore  those  green-colored  cement- 
coated  power  resistors  found  in  the  finest 
receiTers.  amplifiers,  transmitters  and  other 
electronic  assemblies. 


(72) 

Testing  Equipment.  Radio  City 
Products  Co.,  Inc.,  127  West  26th 
St.,  New  York  1,  N.  Y.  Catalog  129 
lists  a  variety  of  multitest  meters 
and  associated  apparatus,  includ¬ 
ing  test  leads. 


Greenohms  hare  proved  that  "they  can  take 
it"  day  after  doy.  year  in  and  year  out. 
Handle  heavy  overloads  without  flinching. 
The  exclusive  cold-setting  cement  coating 
means  that  the  wire  winding  is  unimpaired 
in  fabrication.  Withstands  high  operating 
temperatures,  sudden  cooling,  frequent  on- 
off  operation,  without  cracking,  flaking,  peel¬ 
ing.  No  tougher  power  resistors  are  made. 


(73) 

Relays.  R-B-M  Division,  Essex 
Wire  Corp.,  Logansport,  Ind.  Bul¬ 
letin  570  just  issued  covers  the 
line  of  9800  Series  relays  for  a-c 
and  d-c  use. 


VETERANS!  CREI  traialag  is 
available  aeder  the  G.  I.  Rill 


Fixed  and  adjustable  types.  In  standard 
types,  5  to  200  watts.  Special  units  to  order. 


(74) 

Thermoswitches.  Fenwal  Inc., 
Ashland,  Mass.  Heat  control  and 
temperature  detection  devices  are 
summed  up  in  the  latest  catalog 
that  includes  dimensions  and  spe¬ 
cifications  for  available  apparatus. 


CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

Am  Accredited  Technical  Institute 

Dept.  E-6.  16th  &  Park  Rd.,  N.  W. 
WASHINGTON  10.  D.  C. 


(75) 

Capacitors.  Herlec  Corp.,  422 
North  Fifth  St.,  Milwaukee  3, 
Wis.  Letter  catalog  sheets  may  be 
had  for  the  Type  A  ceramic  trim¬ 
mer  and  metal  cup  capacitors  use¬ 
ful  at  high  frequencies. 


'At  Write  for  DATA 


Bulletin  113  sent  on  request.  (3ontoins  all 
necessary  engineering  data  on  standard  and 
special  Greenohms  to  meet  your  resistance 
needs.  Let  us  quote! 


CAPITOL  RADIO  ENGINEERING  INSTITUTE 
IStb  A  Park  RmS,  N.  W..  Daft.  E-6,  Wa*h.  10,  D.C. 

Oentlemen:  fletee  tend  me  your  tree  booklet,  “ORBI 
tretedno  for  yenr  better  fob  in  RADIO-BLBC- 
TROVICa",  togetker  wUk  fntt  detoOe  of  tera  kome 
etndy  trainbtg.  I  am  attaeking  a  brief  retnme  et  mg 
eegerienee,  edneation  and  pretent  petition. 

CHECK  □  PRACTICAI.  RADIO  ENQINEERINQ 

COURSE  □  PRACTICAL  TELEVISION 
ENOINEERINO 


(76) 

F-M  Antennas.  Ward  Products 
C!orp.,  1523  East  45th  St,  Cleve¬ 
land  3,  Ohio.  A  new  line  of  f-m 
dipoles  and  folded-dipole  antennas 
for  operation  in  the  88  to  108  mega- 


CITY . ZONE.... STATE . 

□  I  am  antitled  to  trainlni  undar  tba  G.  I.  Bill. 


GLAROSTAT  MFG.  CO..  Inc.  •  285  7  N.6ni  St.,  Brooklyn.  N.Y. 
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PERMANENT  MAGNETS  MAY  DO  IT  BETTER 


ye  you  looked 
your 
#eaker  lately? 


L«l’>  leek  inte  the  busy  end  ef  yeur  redie  .  .  .  inte  the  pert  Ihel  deet 
the  talking.  The  leudtpeeker  ewes  much  ef  its  fine,  full,  clear  tene 
quality  te  the  magic  aid  ef  the  permanent  magnet.  Particularly  in  the 
cenetructien  ef  FM  radiee,  where  the  fineet  aceuetical  quality  attain* 
able  it  desired,  permanent  magnet  tpeakert  ore  graving  their  excel¬ 
lence.  The  widespread  pepularity  ef  permanent  magnet  speakers  is 
well  demenstrated  by  preductien  recerds.  Over  12  millien  speaker 
magnets  such  at  these  shewn  belew  have  been  made  by  Tfie  Indiana 
Steel  Produett  Company  since  Werld  War  II. 


General 

Industries 


NEW  PRODUCTS  (continuad) 

300-ohm  colinear  transmission 
line.  Catalogs  are  free. 


INOTNEt 
SPECUl  BY 
PBOSRESSIVE 


(77)  — 

Tubing  Samples.  Varflex  Corp., 
Rome,  N.  Y.  Twenty-five  samples 
of  various  types  of  insulating 
sleeving  give  a  clear  picture  of 
the  character  of  the  product. 
Availability  and  dimensions  are 
Fisted  in  the  folder. 


(78) 

Audio  Equipment.  The  Daven 
Co.,  191  Central  Ave,,  Newark  4, 
N.  J.  A  12-page  interim  catalog 
covers  a  period  between  regular 
publkations  to  list  attenuators, 
networks,  potentiometers,  volume- 
level  indicators  and  similar  audio 
test  equipment. 


(79) 

New  Service  Manual.  John  F, 
Rider  Publisher,  Inc.,  404  Fourth 
Ave.,  New  York  16,  N.  Y.  Volume 
XV  of  the  Rider  Manual  series  is 
now  available.  Among  other  infor¬ 
mation  included  in  the  volume  is 
data  on  record  players  and  chang¬ 
ers,  ham  receivers,  and  the  Scott 
line  of  receivers. 


lOBBlHOTOS. 


hobwooo 


(80) 

Sheet  Metal.  Karp  Metal  Products 
Co.,  Inc.,  139  30th  St,,  Brooklyn, 
N.  Y.  A  new  two-color,  8-page 
brochure  is  devoted  to  illustrations 
of  the  types  of  jobs  completed  and 
the  facilities  available  for  mak¬ 
ing  metal  enclosures. 


Components  Catalog.  General  In¬ 
strument  Corp.,  829  Newark  Ave., 
Elizabeth  3,  N.  J.  A  limited  num¬ 
ber  of  copies  of  a  catalog  listing 
capacitors,  record  changers,  loud¬ 
speakers  and  engineering  data,  are 
available.  Make  requests  on  com¬ 
pany  stationery  and  give  title. 


Modal  OI-RM  4 
Rocording  Molor 
{79  RPM) 


These  four  important  features  of 
GI-RM4  Recording  Motors 
assure  high  recording  fidelity, 
because; 

1 .  AMPLE  SMOOTH  POWER  in««H  ovary 
racording  (or  ploy-bock)  raquiramanl. 

2*  CONSTANT  SPEED,  whathar  motor  is 
“hot”  or  “coM”  pravants  instontonaous 
tpaad  chonget. 

3.  DYNAMICALLY  BALANCED. ..  aoch 
rotor  is  dynomicolly  boloncad  in  spaciol 
built  instrumants. 

4.  EFFECTIVE  CUSHIONING  throughout 
motor  guords  ogoinst  vibrotion  dongars. 


Send  for  details-  on  additional 
advantages  of  GI-RM4  Record¬ 
ing  Motors  .  .  .  and  on  the  com¬ 
plete  Smooth  Power  line  of 
phonomotors,  recorders  and 
combination  record-changer 
recorders. 


Receiving  Tubes.  Sylvania  Elec¬ 
tric  Products  Inc.,  Emporium,  Pa. 
A  new  378-page  manual  with  ring 
type  plastic  binder  contains  data 
for  545  tube  types.  Purchase  this 
directly  from  the  manufacturer 
(or  a  distributor)  for  85<. 


Coil  Reprint.  General  Radio  Co., 
275  Massachusetts  Ave.,  Cam- 


Ji/M.  JM7  — ELECTRONICS 


YOU  OUT  BOTH 

WITH  S.  S,  WHITE  FLEXIBLE  SHAFTS 


NEW  PRODUCTS  (continued) 

peak  blanking  voltage  is  30  volts; 
signal  output  current  is  0.025 
/xamp;  output  resistor,  1  megohm. 


Type  195 

Triode  power  amplifier  and  oscil¬ 
lator,  filament  type.  Maximum  rat- 
ing.s  up  to  15  me;  resonant  grid 


GRID  LEAD 


El  -  to  V 
If  —3.25  aiup 
*1-12 
Vm  —  1,200 
Oin  —  2.2 
'•■I  —  1.2  iiiA 
,Cf  —  2.8  nui 
Eh  —  3  lev  (rnisj 
(max) 

/»  —  150  ma  (max) 
If .  -  -  500  V 
(max) 

E,  -  750  V  (r-f) 
(max) 

7,-40  ma  (d-c) 
(max) 

W  —  125  watts 
(max) 


PLATE  LEAD 


plate  frequency  approximately 
200  me. 


By  using  S.  S.  White  remote  control  flexi¬ 
ble  shafts  to  couple  variable  elements  to 
their  control  knobs,  you  gain  unrestrict¬ 
ed  freedom  in  placing  both  the  ele¬ 
ments  and  the  knobs.  This  allows  the 
elements  to  be  mounted  in  the  most  favor¬ 
able  position  for  circuit  efficiency  and 
ease  of  assembly  and  wiring,  while  the 
knobs  can  be  centralized  in  the  most  con¬ 
venient  control  position.  And  because 
these  shafts  are  specially  engineered  for 
remote  control  duty,  they  operate  as 
smoothly  and  sensitively  as  a  direct  con¬ 
nection.  For  the  full  story — 


Type  196 

Triode  power  amplifier  and  oscil¬ 
lator,  filament  type.  Maximum  rat¬ 
ings  up  to  15  me;  resonant  grid- 
plate  frequency  approximately  200 
me. 

See  illustration  for  Type  195  for 
dimensions. 


—  10  V 

If  —  3.25  amp 
M  -  35 

Om  —  1,600  ^mlios 
C<.  —  2,4  pmT 
C..I  —  1.4  mmT 
,C,  —  3  Hit! 

Eh  —  3  kv  (rms) 
(max) 


150  ma  (max) 
-  500  V 
(max) 

750  V  (r-0 
(max) 

40  ma  (d-c) 
(max) 

125  watta 
(max) 


Type  3MP1 

Cathode  ray  tube,  heater  type,  elec¬ 
trostatic  focusing  and  deflection, 
green  fluorescence,  medium  persist¬ 
ence,  small  shell  duodecal  12-pir 
base,  type  12F. 


WRITE  FOR  THIS  260-PAGE 
FLEXIBLE  SHAFT  HANDBOOK 


which  compUtaly  covert  the  subject  of 
flexible  shafts  and  how  to  apply  them. 
For  your  free  copy  write  direct  to  us  on 
your  business  letterhead  and  mention  your 
position. 


Ef  —  6.3  V 
If  —0.6  amp 
Typical  Operation 
Ett  -2kv 
Ehi  -  400  to  700  V 
Eti  —  0  to  126tvolta 
(lor  cutofT) 

Di  and  Dt  —  280  to 
380  V  per  in. 

Ot  and  Dt  —  260  to 
360  V  per  in. 


5.x.  WHITE  ifinuSTRIAL 

THP  v  WMiTt  oiNTAl  MFO.  CO.  •  wW  m 


Omt  9^  /TmctictU  A  AAA 
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HOW 


SCREW  GO? 


THE  VKTOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVELAND  3.  OHIO 


NEW  PRODUCTS  (coatinutd) 

bridge  39,  Mass.  GR  will  be  glad 
to  forward  a  copy  of  the  reprint 
entitled  “Iron-Cored  Coils  for  Use 
at  Audio  Frequencies”  provided 
the  request  is  made  direct  to  them 
on  company  letterhead. 


Finishes  For  Aluminum.  Reynolds 
Metals  Co.,  Inc.,  2600  So.  Third 
St.,  Louisville  1,  Ky.  Two  vol¬ 
umes  present  the  story  of  alu¬ 
minum  finishes,  the  second  being 
of  somewhat  greater  interest  to 
the  engineer  who  will  want  to 
know  how  the  different  processes 
are  accomplished.  Send  direct  to 
Reynolds  for  your  copies  at  $2.00 
the  set. 


How  fast  can  a  screw  go? 
Sounds  screwy?  It's  not!  There's 
a  case  of  a  large  Eastern  manu¬ 
facturer  of  electrical  appliances 
(name  on  reauest).  His  assembly 
line  was  hopelessly  slowed 
down.  Production  was  hitting 
new  lows  when  he  called  in 
ouf  Engineering  Department. 
We  designed  new  screw  parts 
that  could  be  assembled  faster 
—  thereby  speeded  up  pro¬ 
duction.  It  also  saved  him 
money  and  resulted  in  a  better 
product.  Perhaps  we  can  do 
as  much  for  you.  It  costs  noth¬ 
ing  to  find  out. 

NEW  ENGLAND  SCREW  CO. 

KEENE,  NEW  HAMPSHIRE 


Stroboscope  Correction.  Universal 
Microphone  Co.,  Inglewood,  Calif. 
Four  circles  divided  for  checking 
accurate  speed  of  78  and  33  i  rpm 
turntables  under  25,  60,  or  60  cycle 
light  are  printed  on  a  single  6-inch 
cardboard  disc.  Send  26<  direct  to 
the  manufacturer  for  this  item. 
Price  quoted  in  the  May  issue  of 
Electronics  was  in  error. 


A  portable  self-contained  Geig- 
er-Mueller  counter  for  beta  and 
gamma  radiation.  Geiger  tube 
externally  mounted  and  detach¬ 
able  from  clip.  Meter  scale 
calibrated  in  3  ranges  with 
gamma  radiation  from  radium. 
Equipped  with  head  phones  for 
aural  counting.  An  instrument 
wHh  a  distinctive  background  of 
service. 


Tube  Registry 


The  inionnation  furnished  by  the  RMA 
Data  Bureau  hat  been  abridged  and  only 
the  more  significant  dimensions. are  given. 


Type  5527 

Iconoscope,  heater  type,  electro¬ 
static  focusing  and  deflection,  12- 
pin  base.  Maximum  mosaic  illumi- 


Banding  Clips 
Small  Metal  Stampings 

*  In  accordance  with 
Customer's  Prints 


RECESSED 

SMALL 

CAVITY 

'CAP 


MOSAC 


Model  262 

The  Radiation  Meter  is  a  roent¬ 
gen  calibrated  instrument  used 
to  measure  scattered  radiation  in 
the  vicinity  of  x-ray  or  gamma 
ray  equipment.  The  instrument 
is  calibrated  to  indicate  a  top 
scale  reading  of  two  milli-roent- 
gens  per  minute.  It  is  ideal  to 
spot  check  installations  for  scat¬ 
tered  radiation  to  determine  any 
need  for  additional  protection. 


ACCURACY 
•  PRECISION 

•  REASONABLE 
DIE  CHARGES 


E/  -6.3  V 
1/  —  0.6  amp 
■»  —  EaSu  — 

OCO  V  (max) 
E,\  —  —  126  V  (max) 
E^t  —  450  V  (max) 
Typical  Operation 

Ek  —  —  800  V 

Ea  —  —  76  V  (max) 
(or  cutoff 

Ea  —  126  to  250  v 
(for  focus) 

Di  and  Dt  —  120  v 
peak  to  peak 
Di  and  Di  —  100  v 
peak  to  peak 


Modern  Equipment  and  Factory 
No  Screw  Machine  Parts 


PATTON  -MacGUYER 
COMPANY 

17  VIRGINIA  AVENUE 
PROVIDENCE,  R.  I. 


nation  is  50  foot-candles  and  tem¬ 
perature  40  C.  Minimum  peak-to- 
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Rpdio  Homs  •  $*rvi<emen  •  tngineers 
Sound  Men  •  Mointenonce  Men 
Schools  •  Institutions  •  Monufocturers 


zHa/l 


CHICAGO  7  ^  ATLANTA  3 

901  W.  JACKSON  BLVD.  265  PEACHTREE  ST, 
lAFAYETTE  RADIO 
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(continuad  from  p  IS4) 

transmitters,  telecommunication 
equipment,  radar,  and  electronic 
equipment  for  industrial  and  com¬ 
mercial  applications.  Special  em¬ 
phasis  will  be  given  to  welcoming 
overseas  visitors  and  to  reestablish¬ 
ing  the  high  standard  of  British 
electronic  engineering  in  export 
markets.  Demonstrations  of  tele¬ 
vision  equipment  will  be  from  a 
common  antenna  input. 


Standard  Electrical  Symbols 

A  NEW  master  standard  containing 
152  basic  graphical  symbols  for  use 
in  power,  control,  and  communica¬ 
tion  has  been  issued  by  the  Amer¬ 
ican  Standards  Association.  The 
symbols  have  previously  been  avail¬ 
able  in  separate  standards,  but  the 
new  work  makes  it  possible  to  build 
up  practically  any  required  symbol 
in  the  separate  standards  from  the 
basic  elements  given  in  the  master 
code.  Thus,  any  complete  tube  sym¬ 
bol  can  be  produced  from  the  basic 
electrode  symbols  given. 

The  new  standard,  designated 
Z32. 12-1947,  “Basic  Graphical  Sym¬ 
bols  for  Electric  Apparatus”,  is 
available  at  40  cents  from  American 
Standards  Association,  70  E.  45th 
St.,  New  York  17,  N.  Y. 


Industrial  , 

Electronic  iSefe 

and  Test  HtflMM 
Equipment  HBBHB 

Radio  Parts— Sets— Ham  Gear— Amplifiers 


It’s  here— ready  for  you  now— the  new,  comprehensive,  1947 
Concord  Catalog  displaying  a  vast,  complete  selection  of  every¬ 
thing  in  Radio  and  Electronics.  Send  for  your  copy  now.  Select 
your  needs  from  value-packed  pages  showing  thousands  of  items 
available  for  IMMEDIATE  SHIPMENT— hundreds  of  them  now 
available  for  the  first  time— featuring  new,  latest  1947  prices.  See 
the  new  LOWER  prices  on  finest-quality  RADIO  SETS,  PHONO- 
RADIOS,  RECORD  CHANGERS,  RECORD  PLAYERS,  PORT¬ 
ABLES,  AMPLIFIERS,  COMPLETE  SOUND  SYSTEMS,  TEST¬ 
ERS.  See  complete  latest  listings  of  all  the  well-known,  standard, 
dependable  lines  of  radio  parts  and  equipment— tubes,  condensers, 
transformers,  relays,  resistors,  switches,  speakers— all  available  for 
IMMEDIATE  SHIPMENT  from  huge  stocks  in  CHICAGO  and 
ATLANTA.  Whatever  your  needs  in  Radio  and  Electronic  Parts, 
Supplies  and  Equipment— before  you  buy— SEE  THIS  GREATNEW 
CONCORD  CATALOG.  Mail  coupon  for  your  FREE  copy  now. 


FCC  Approves  Recorders 

The  Commission  on  March  24 
adopted  a  report  looking  toward 
authorization  of  recording  devices 
in  connection  with  interstate  and 
foreign  message  toll  telephone  serv¬ 
ices,  but  postponed  issuance  of  a 
final  order  pending  a  public  engi¬ 
neering  conference,  scheduled  for 
April  21,  upon  which  engineering 
standards  to  cover  the  use  of  these 
devices  can  be  based. 

In  its  report  the  Commission 
found  that  there  is  a  real  and  legiti¬ 
mate  need  for  telephone  recording 
devices,  that  their  use  does  not  im¬ 
pair  the  quality  of  telephone  serv¬ 
ice,  that  parties  to  telephone  con¬ 
versations  should  have  adequate 
notice  that  the  same  is  being  re¬ 
corded,  and  that  all  such  devices 
should  be  capable  of  being  physi¬ 
cally  connected  to  and  disconnected 
from  the  telephone  line  at  the  will 
of  the  user.  Adequate  notice  would 


Concord  Radio  Corporation,  Dopl.  G-47 
901  W.  Jack«on  Blvd.,  Chicago  7,  III. 

Yec,  rush  FREE  COPY  of  tho  comprohonsivo 
now  Concord  Radio  Catalog. 


Namo 


Address 
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ENAMELED 

MAGNET 

WIRE 


A  product,  resulting  from  many  years  of 
research  in  the  field  of  fine  wir#  menu* 


A  new  coating  method  gives  a  smooth, 
permanently  •  adherent  enameling,  and 
mercury-process  tests  guarantee  perfect 
uniformity.  Great  flexibility  and  tensile 
strength  assure  perfect  laying,  even  at 
high  winding  speeds.  If  you  want  re¬ 
duction  in  coil  dimensions  without  sacri¬ 
ficing  electrical  values,  or  seek  a  uniform, 
leakproof  wire  that  will  deliver  extra 
years  of  service,  this  Hudson  Wire  prod- 


Also  manufacturers  of  high 
grade  cotton  and  silk  cov¬ 
ered  wires,  cotton  and  silk 


posTto 

OH 

ruBSS 


RCA  HB-3  Tube  Handbook 

Now  in  3  BIndors— 6  Volumot 


HEAVY  THRUST  LOADS 


PIVOT  BEARINGS 


An  extra-small  unit  providing: 


High  load  capacity 

(Thrust,  Radiol,  combined) 

Lowest  Friction 
Precision  Tolerances 
Dust  Shield 

Unaffected  by  Misalignment 


PIVOT  BEARINGS 

5/32"  to  3/8" 


RADIAL  BEARINGS 

1/4"  to  3/8" 


NEW  HAMPSHIRE  BALL  BEARINGS,  Inc. 

3  MAIN  STREET  •  PETERBOROUGH,  NEW  HAMPSHIRE,  U.S.  A. 


tacture,  that  meets  the  most  rigid  re¬ 
quirements  of  radio  and  ignition  coils. 


No  other  tube  handbook  provides  as  much 
up-to-the-minute  technical  data  on  tube  types 
as  the  RCA  HB-3  Handbook,  which  has  been 
a  standard  technical  reference  book  for  over 
15  years.  Indexed  contents  include  general 
data,  characteristic  curves,  socket  connec¬ 
tions,  outline  drawings,  price  lists,  preferred- 
type  lists,  etc.,  for  the  complete  line  of  RCA 
tubes. 

New  Sheets  Mailed  Regularly.  The  U.  S.  sub¬ 
scription  price  of  $10.00  brings  you  the 
complete  Handbook  in  three  binders,  plus 
supplementary  sheets  containing  new  or  re¬ 
vised  data  as  issued  during  the  year.  Annual 
service  fee  thereafter  is  $2.00.  (These  prices 
apply  only  in  the  U.  S.  and  its  possessions.) 

Subscribe  New.  Insure  early  delivery.  Mail 
your  remittance  today  to:  RCA,  Commercial 
Engineering,  Section  W-40F,  Harrison,  N.  J. 


MMoio  eom^oKATtom  mf  Mottmtes 


EISLER 

ELECTRICAL  &  ELECTRONIC 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

24  HEAD 
RADIO  TUBE 
EXHAUSTING 
MACHINE 


We  Make 
Complefa 
Equipment 
For  The 
Manufacture 
Of  Incandes¬ 
cent  Larrmt 
Radio  and  Elec¬ 
tronic  Tubes. 

TRANSFORMERS  OF  ALL  TYPES 

far 


coverings  over  enamel  coax¬ 
ed  wires,  and  all  construc¬ 
tions  of  Liti  wires.  A  varlaty 
of  coverings  mada  to  cus¬ 
tomers'  specifications,  or  to 
roqulramants  datarmlned  by 
our  engineers.  Complete  da- 
tign  and  engineering  facill- 
Hos  are  at  your  disposal; 
details  and  quotations  on 
request. 


uct  IS  the  answer. 


HIDSOOriRE  CO. 


WINSTED 


CONNECTICUT 


Sizes  >/4  To  250  KVA 

SPOT  WELDERS 

OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  Ve  TO  2S0  KVA 
Butt  Welders  •  Gun  Welders 
Arc  Welders 
Neon  Sign  Units 
Fluoroseont  Tube 
Manufacturing  Equipment 

CHAS.  EISLER 

EISLER  ENGINEERING  CO..  INC. 

7SI  8o.  13th  St.  (Near  Avon  Ave.),  Newark  3.  N.  J. 
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PERMEABILITY 

TUNERS 


HOlDflRD  B.  JOnCS  DIVISIOPI 

cincH  mfs  coRP 

2460  Ui  G€ORG€  ST  CHICftGO  18 


A  New  VULCAN 

PLUG  TIP 

Soldering 

Tool  ^ 


SUPERHETERODYNE 

TUNERS 


Remove 
r  4  screws 

and  you  can  replace 
Heating  Element  M 

in  a  few  seconds 


.535  to  1 660  KC  Complete 
3  Color  Dial  and  Drive 
AH  units  Pre-Tracked  at  Factory 


Send  for  dostriptivo 
litorotvro 


STURDY  •  LONG  LIVED 
VERY  EFFICIENT  •  LOW  COST 


VULCAN  ELECTRIC  COMPANY 

DANVERS  MASS. 

Makar*  of  a  wid*  vorioty  of  Hooting  Elomont*  for  ottombly  Into  mano. 
foctwror't  own  products  and  of  Heating  SpecioHio*  that  use  oloctricity. 


1632  Central  St.  Kansas  City.  Mo. 
New  York  OIRee 
H.  BRAVERMAN 

161  Washington  St.  N.  Y.  6.  N.  Y. 


/ONES  2400  SERIES 
PLUGS  and  SOCKETS 


A  new  gerief  of  Phigt 
ond  Socketi  designed 
for  highest  electiicai 
and  mechanical  eifl- 
ciency.  ImproTed 
Socket  Contacts  pro- 
▼ide  4  indiTidual  flex¬ 
ing  lurfaces  which 
make  potitiTe  contact 
OTer  practically  their 
entire  length. 

The  Contacts  on  both 
Plugs  ond  Sockets  are 
mounted  in  recessed 
pockets  great- 
ly  increasing 
leakage  dlst- 
H  cmce.  increas¬ 
ing  Toitage 

BakeUle  insulation.  Plug  ond  Socket  con¬ 
tacts  are  sileer  plated.  The  flnished  ap¬ 
pearance  of  this  series  will  add  consider¬ 
ably  to  your  equipment. 

The  2400  Series  are  interchangeable  with 
all  units  of  the  corresponding  No.  400  Series. 

Send  todoy  for  general  catalog  No.  14 
listing  and  Illustrating  our  complete  Hne 
|)f  Plugs.  Sockets  and  Terminal  Strips. 


The  superiorify  of  a 
fnode  amplifier  is 
mosf  apparent  in  the 
final  test . . .  listening 


^AUTOMATIC  BIAS  CONTROL  greatly  increatet 
undiiterted  power  at  moderate  cost. 

A’Gain— 55  to  120  db  in  various  models. 

ABoss  and  treble  compensation  —  Two-stage 
tapped  condenser-resistor  networks. 

A-Input— 38,  150,  500/600  and  500,000  ohms. 
Output— 1.5  to  30  ohms  and  500  ohms. 

APower  available  for  other  units  — 250  volts, 
0.090  A  DC;  6.6  volts,  5  A. 

AFuses— Main  power  and  6B4G  plate  line. 

^Attractively  finished  chassis.  High  quality 
component^  Finest  workmanship. 


A-TRIODE  tubes  used  throughout.  2  -  6B4G, 
4— 7A4,  2-7N7,  1-SU4G,  1-5Y3G. 

AFhree  push-pull  stages  preceded  by  on  in¬ 
verter  stage. 

Alnterstage  transformer  insures  good  push-pull 
balance. 

AFIot  within  1  db  to  25  cycles  at  full  power  and 
to  4  cyclos  at  reduced  power. 

AFIot  within  0.2  db  to  30,000  cycles. 

AO.6%  harmonic  distortion  and  0.2%  inter- 
modulation  distortion  at  5  watts. 

Akotod  power— 30  watts  at  2*A%  total 
distortion. 


P.2406-CCT 
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be  given  by  the  use  of  the  automatic 
tone  warning  device,  which  would 
automatically  produce  a  distinct  sig¬ 
nal  that  is  repeated  at  regular  in¬ 
tervals  during  the  course  of  the 
telephone  conversation  when  the  re¬ 
cording  device  is  in  use. 


Electronic  Lab  Expands 

Industrial  and  governmental  de¬ 
mand  for  research  in  electronics  has 
resulted  in  an  expansion  of  the  elec¬ 
tronic  laboratories  of  Battelle  Mem¬ 
orial  Institute,  Columbus,  Ohio,  in¬ 
volving  allocation  of  more  space  for 
electronic  laboratories,  purchase  of 
extensive  equipment,  addition  of 
new  personnel,  and  centralization  of 
facilities  for  electronic  research. 

Current  research  projects  in  the 
electronic  field  include  a  fundamen¬ 
tal  study  of  thermionic  emitters  and 
development  of  voltage  regulator 
tubes  that  will  hold  >the  voltage  con¬ 
stant  under  a  wide  range  of  loads. 


Setup  at  Battelle  electronic  loboratonea 
tor  measuring  characteristics  of  glow  dis¬ 
charges  at  reduced  pressures  in  gases  oi 
high  purity 

Completed  projects  include  de¬ 
velopment  of  an  electrical  microm¬ 
eter  for  production  of  ultraprecise 
lathe  spindles,  a  high-speed  fre¬ 
quency-modulation  dilatometer  for 
research  studies  in  steel  metallurgy 
and  welding,  and  a  translucency 
meter  for  measuring  the  translu- 
cence  of  chinaware. 


Restricted  Operator  Permits 

Simplification  of  the  FCC  proce¬ 
dure  for  issuing  restricted  radio¬ 
telephone  operator  permits  is  em- 


Court*$y  HUKIEY  Machine  Division,  makors  of  THOR  Washors 

WHY  ARE  CORNISH  WIRE  PRODUCTS  SPECIFIED  BY  THIS 
LARGE  MANUFACTURER  OF  WASHING  MACHINES? 

Because  their  ENGINEERING  Department  knows  by  test  that 
they  will  give  faithful  and  enduring  performance  .  .  . 

Because  their  PRODUCTION  Department  finds  that  they 
have  those  qualities  essential  for  quick  installation  on 
their  assembly  line  .  .  . 

Because  their  PURCHASING  Department  realizes  that  these 
Quality  Products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  .  .  . 


COMIISII  WIRE  CO 
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STABILIZED 


COMMUNICATION  MEASUREMENTS  LABORATORY,  INC. 

REcfor  2-2080  Cable  Address:  "COMUNILAB”  NEW  YORK 
120  GREENWICH  STREET  •  NEW  YORK  6,  N  Y. 


The  JAMES  KNIGHTS  CO 

SANDWICH,  ILLINOIS 


4  Otcilhgraph  traces  on  70  mm.  paper. 


RECORDING 

TRANSIENT  PHENOMENA 


The  behaviour  of  moving 
parts  under  actual  work¬ 
ing  conditions  may  be 
studied  by  means  of 
standard  commercial 
oscillographs,  which 
translate  mechanical  or 
electrical  variations  into 
evanescent  traces  on  a 
fluorescent  screen. 
Avimo  cameras  record 
these  traces  on  contin¬ 
uous  film  or  paper,  so 
that  they  may  be  subse¬ 
quently  checked,  ex- 
aunined,  and  measured. 
Write  for  Publication  B-2, 
giving  full  details  of 
AVIMO  Cameras  includ¬ 
ing  types  with  built-in 
cathode  ray  tubes. 


Miftiature  tube 
straightener 

obtain  a  perfect 
fit  when  the  tube 
is  placed  in  the 
equipment. 

Scientifically  designed — Precision  made 

SOON  READY  FOR  PRODUCTION 
AND  DISTRIBUTION 


AVIMO  Ltd.,  TAUNTON 

(Eng.)  Tel.  3«34 

Designers  and  Manufacturers  of 
Scientific  Cameras 


STAR  EXPANSION  PRODUCTS  CO.  INC. 

147  Cedar  St..  New  York  6.  N. 


ROTOBRIDGE 

JAe  Autotnatic  Inspector* 


For  radio  and  electronic  manufacturers 
who  require  quick-shift  inspection  test 
equipment  for  relatively  short  runs  of  va¬ 
ried  products.  Tests  up  to  120  circuits  on 
a  single  unit.  Makes  accurate  bridge-type 
measurements  for  wiring  errors,  continuity 
and  resistance  values  against  predeter¬ 
mined  standards  and  tolerances.  Indicates 
and  isolates  defects  by  circuit  number. 

Hear  View  Showing  notary 

Selector  Switch  Mechanism. 


Model  1 010  ROTOBRIDGE 


e  Makes  tests  at  the  rate  of  one  circuit 
per  second  —  automatically. 

e  Can  be  used  successfully  by  unskilled 
employees. 

e  Can  be  changed  from  one  {ob  to  another 
in  a  matter  of  minutes. 

e  Pays  for  itself  by  speeding  up  inspec¬ 
tions  and  avoiding  costly  "adjustments" 
with  customers  over  sub-standard 
products. 


H4  COMMUNICATIONS  CRYSTAL 


Can  be  supplied  in  o  frequency 
range  of  1800  kc  to  20  me.  Pin  spacing 
is  Ve”  and  pin  diameter  is  V^".  Quartz 
plates  are  pressure  mounted  between 
stainless  steel  electrodes.  Unit  will 
stand  maximum  vibration.  Our  "Sta¬ 
bilizing"  process  prevents  frequency 
shifts  due  to  age. 


Available  now  in  oorn  caoinei  and 
rack-and-panel  models.  Write  for 
descripUvebulletin  and  prices  today. 


Send  for  lllnstrated  Catalog 


ADDS  2  NEW 

VITAL  AIDS  _ 

for  the 

Manufacturers  of  9  pin  miniature 

tube  — 

-  radios  and  equipment 

Ir 

^  ^JE-9 — Star  Miniature  socket 

wiring  plug  for  accurate  align¬ 
ment  of  miniature  socket  con¬ 
tacts  during  wiring.  Precision 

1  cast  of  zinc  base  alloy — pins 

1  of  stainless  steel. 

L 
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bodied  in  proposed  amendments  an¬ 
nounced  April  3  for  FCC  rules  gov¬ 
erning  commercial  radio  operators. 
When  adopted,  no  oral  or  written 
examination  will  be  required  for 
this  permit. 

If  the  application  is  properly 
completed  and  signed  and  if  the  ap¬ 
plicant  is  found  to  be  qualified,  the 
permit  may  be  issued  immediately. 
Applicants  are,  however,’  required 
to  certify  in  writing  to  a  declara¬ 
tion  stating  need  for  the  requested 
permit,  ability  to  receive  and  trans¬ 
mit  spoken  messages  in  English, 
keep  a  rough  written  log  in  English 
or  a  language  readily  translatable 
into  English,  and  certify  to  a 
knowledge  of  the  provisions  of  all 
regulations  governing  the  authority 
granted  under  the  requested  permit. 

A  similar  procedure  is  already  in 
effect  for  aircraft  radio  operator’s 
permits  required  by  private  pilots. 
Here  the  applicant  need  only  ap¬ 
pear  in  any  FCC  field  oflSce  or  be¬ 
fore  any  CAA  flight  examiner  des¬ 
ignated  by  the  FCC  to  issue  per¬ 
mits,  prove  he  is  a  U.  S.  citizen,  . 
needs  the  permit,  and  understands  | 
the  regulations. 

i 

Television  Standards 

Official  IRE  recommendations  on 
methods  of  measuring  performance 
of  visual  transmitters  and  studio 
equipment  are  embodied  in  a  re¬ 
cently  released  24-page  booklet  en¬ 
titled,  “Standards  on  Television : 
Methods  of  Testing  Television 
Transmitters,  1947”,  available  at 
76  cents  per  copy  from  The  Insti¬ 
tute  of  Radio  Engineers,  Inc.,  1  E. 
79th  St.,  New  York  21,  N.  Y. 

Test  procedures  described  include 
determination  of  sine-wave  and 
transient  response  of  video  ampli¬ 
fiers  and  the  overall  transmitting 
system,  determination  of  light-am¬ 
plitude  characteristic  of  the  system 
up  to  the  transmitter  output,  deter¬ 
mination  of  signal-to-interference 
ratio  in  video  systems,  check  of  as¬ 
pect  ratio,  linearity  of  scanning, 
and  interlacing,  measurement  of 
average  repetition  rate  of  synchro¬ 
nizing  pulses  and  rate  of  change  of 
frequency  of  horizontal  synchroniz¬ 
ing  pulses,  measurement  of  slope, 
duration,  and  timing  of  synchroniz¬ 
ing  pulses,  determination  of  varia¬ 
tion  of  blanking  and  synchronizing 


SCectno*Uc  ‘R.cMdated 

POWER  SUPPLIES 


PRECISION 
ACCURACY 


PERFORMANCE 


BaUf  fo  rigid  U.  S.  Goverimiciif  Sp«c}flcafloiis 

SPECIFICATIONS 

input— MS  V.  56-60  cycle 

REGULATIONS — Less  than  1/20  volt  change  in  output  voltage  with  change  of  from 
100-140  V.A.C.  input  voltage  &  from  NO-LOAD  to  FULL-LOAD  (over  very  wide 
latitude  at  center  of  variable  range) 

RIPPLE — less  than  5  millivolts  a|  all  loads  and  voltaoes 

DIMENSIONS— Rts  any  standard  rack  or  cabinet  (overall;  19  in.  wide:  I2'/|  in.  high: 
II  in.  deep;  shipping  wt. — 100  pounds) 

TYPE  A— VARIABLE  FROM  210  TO  335  V.  D.  C.  @  400  M.  A. 

TYPE  B1— VARIABLE— TWO  RANOES:  400-600  V.  D.  C.  @  125 
M.  A.  ead  600-BV0  V.  D.  C.  ®  125  M.  A. 


CONSTRUCTION  FEATURES 

Weston  model  301  (or  equal)  milliammater  and  voltmeter  •  Separate  switches,  pilot 
lights,  and  fuses  for  FIL  and  PLATE  VOLTS  •  All  tubes  located  on  shockmount  assemblies 
•  Fuses  mounted  on  front  panel  and  easily  accessible  O  Can  vary  voltage  by  turning 
small  knob  on  front  of  panel.  Can  easily  modify  Type  Bl  from  POSITIVE  to  NEGATIVE 
output  voltage  *  Individual  components  numbered  to  correspond  with  wiring  diagram. 
Rigid  construction:  components  designed  to  withstand  most  severe  military  conditions — 
physical  and  electrical;  ware  greatly  under-rated. 

All  units  checked  and  inspected  at  150%  rated  load  before  shipment. 


Tube 


complement: 


(Type  A:  2-B36:  6-6L6;  2-6SF5:  1-VR150:  1-VR105 
{Type  Bl:  2-B36:  2-6L6:  2-6SF5;  1-VR150:  1-VR105 


IMMEDIATE  DELIVERY 


NET  PRICES-— F.  O.  B.  BALTIMORE,  MD. 

TYPE  A— $189.00  TYPE  11— $185.00 

Complete  with  tabes  and  ready  to  plug  la — Prices  subieet  to  change  wHboet  netiee 


NATIONAL  RADIO  SERVICE  CO. 

Reisterstown  Rd.  A  Cold  Spring  Lane  •  Baltimore  IS,  Md. 
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SIGMA 

LATCHING 

RELAY 


SERIES  6FZ 


TYPE  6FZ2A7B 


NEWS  OF  THE  INDUSTRY  (cwrtiwNd) 

levels  at  transmitter  output  with 
change  in  picture,  testing  transmit¬ 
ting  sideband  filter,  and  measuring 
transmitter  power  output,  ampli¬ 
tude  linearity,  and  reaoluUun. 


Australian  Aviation  Aids 

Australia  will  spend  about  |3  mil¬ 
lion  equipping  airports  and  other 
points  navigation  aids  and 

communication  equipment  to  con¬ 
form  with  recommendations  framed 
by  the  technical  committees  of  the 
PICAO  Regional  Meeting  at  Mel¬ 
bourne.  The  $250,000  lend-lease 
loran  chain  installed  during  the 
war  in  Australia’s  Northwest  to 
«id  homing  operations  will  be 
shifted  to  sites  on  the  Eastern 
Seaboard.  The  number  of  existing 
homing  beacons  will  be  ‘increased 
and  some  of  those  already  in 
operation  will  be  brought  up  to 
the  stipulated  range  of  300  miles 
over  the  sea. 

Short-distance  aids  now  in  use 
will  have  to  be  changed  to  operate 
on  omnidirectional  ranges.  Radar 
distance-measuring  equipment  of 
Australia’s  own  light-weight  de¬ 
sign  will  be  fitted  on  all  aircraft, 
and  the  number  of  beacons  will  be 
greatly  increased.  The  most  ex¬ 
pensive  requirement  will  be  the 
introduction  of  instrument  land¬ 
ing  systems  (ILS)  at  four  air¬ 
dromes  at  a  cost  of  $100,000  each. 


A  substantial  improvement  over  existing  types  of 
mechanical  latch  electrical  reset  relays. 

•  Perfectly  balanced  armature  OTHER  NEW  SIGMA  RMAYS 

•  UnafFected  by  very  severe  vi-  •  Multicontact  sensitive  relays, 

bration  and  shock  A.C.  and  D.C. 

•  Exceptional  mechanical  life;  ^  Polarized  relays  including  bal- 

latching  entirely  unaffected  by  anced  armature.  3  position  (null 

weor  holding)  differential  types  with 

•  8  separate  contact  positions  positive  detent  null  or  center, 

available  in  any  combination  of 

Normally  Open  or  Normally 
Closed  circuits  (Two  N.O.,  Two 
N.C.,  —  double  break  shown 

•  Amps.**at"lloV**A.C.  (ModifI-  Sipa  Instruments,  II 


able  upwards  or  downwards  in 
accordance  with  conditions  of 
use.) 


belays 

62  Ceyloii  St,  Boston  21,  Hass. 


MEETINGS 


JCNE  7 :  IRE  Connecticut  Valley  Section 
annual  meeting,  New  London,  Conn. ;  aym- 
poeium  on  f-m  receivers  in  morning  and 
trip  to  Submarine  Base  in  afternoon. 


SYNCHRONOUS 
CAPACITOR  TYPE 
MOTOR 


JcNB  9-13 :  AIEE  Summer  General  Meeting. 
Montreal,  Quebec. 


Junk  10-13:  RMA  annual  conventioa,  Ste¬ 
vens  Hotel,  Chicago. 


JCNB  12-13:  ASME  Wood  Industries  Na¬ 
tional  Conference,  Madison,  Wis. 


P  HIS  new  Cyclohm  29  size  has  no  equal  as  a  syn¬ 
chronous,  capacitor  type  motor  for  recording,  tape 
pulling,  facsimile  work  and  other  jobs  which  require 
a  quiet,  smooth,  vibrationless  motor. ‘Internal  rotor 
slots  permit  a  higher  starting  torque  and  a  quieter 
performance.  Substantial  cap  seats,  turned  in  the 
frame  and  end  caps,  ensure  perfect  rigidity,  accurate 
bearing  alignment,  uniform  air  gap,  and  a  vibration- 
free  motor.  Supplied  with  either  ball  bearings  or 
sleeve  bearings — in  ratings  of  1/100,  1/75  and  1/50 
horsepower,  1800  r.p.m.,  115  volts,  60  cycles.  Write 
for  complete  information. 

CYCLOHM  MOTOR  CORPORATION 

5-17  4iTH  ROAD,  LONG  ISLAND  CITY  1.  N.  Y. 


June  16-19 :  ASME  semiannual  meetiag, 
Stevens  Hotel,  Chicago. 


June  16-20:  ASTM  annual  meeting,  At¬ 
lantic  City. 


June  23-25 :  ASME  Applied  Mechanics  Di¬ 
vision,  meeting,  Schenectady,  N.  Y. 

Auo.  26-26:  AIEE  1947  Pacific  General 
Meeting,  Hotel  San  Diego,  San  Diego,  Calif. 

Sept.  1-4 :  ASME  fall  meeting.  Hotel  Utah, 
Salt  Lake  City. 


Sept.  8-9 :  ASME  Industrial  Instruments 
and  Regulators  Division,  meeting,  Chicago 


Sept.  8-10 :  National  Institute  of  Govern¬ 
mental  Purchasing,  annual  conference  and 
exhibit.  Hotel  Pennsylvania,  New  York  City. 


Sept.  8-12  Second  Annual  Conference  and 
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WELL  — 

wMADDJI  ya 

KA/OWa 


No  —  this  man  hasn’t  discovered  who 
murdered  the  butler  and  stuffed  his  body 
in  the  bath-tub. 

He’s  reading  an  advertisement  in  THIS 
magazine!  He  has  his  eye  on  a  product 
that  promises  the  answer  to  a  brand  new 
problem  he’s  been  sweating  over. 

Exaggerated.’  Not  a  bit!  For  the  ad¬ 
vertising  pages  of  every  McGraw-Hill 
publication  are  replete  with  ideas,  prod¬ 
ucts,  services  designed  for  the  men  who 
are  responsible  for  design,  produaion, 
maintenance,  marketing  —  every  specific 
operational  phase  of  mc^ern  business  and 
industry. 

Month  after  month  America’s  leading 
manufaaurers  are  parading  their  newest 
and  best  wares  before  your  eyes  in  THIS 
McGraw-Hill  magazine.  You’re  the  judge 
and  jury  as  to  whether  they  can  solve  a 
problem — offer  a  short-cut — show  a  profit 
—  for  you. 


To  keep  in  touch  with 

the  parade . 

READ  THE  ADS. 


STREAMLINED 


SHIELDS  FOR  T-SVi 
MINIATURE  BULBS 

SLIDE  FIT  FLUTES  ELIMINATE 

SOCKET  CONTACT  TROUILES 
CAUSED  SY  VIBRATION 

The  shielcJ  is  stzecJ  so  fhat  three  of  the  flutes 
make  a  slicJe  fit  with  the  tube,  supporting  it 
throughout  its  length.  A  hardened  and  tem¬ 
pered  spring  steel  clip  locates  the  shield  and 
holds  the  tube  firmly  in  place. 

These  modem,  streamlined  shields  combine 
eye  appeal  with  low  cost,  efFective  shielding. 

Due  to  the  direct  contact  between  the  flutes 
of  the  shield  and  the  glass  surface  of  the  bulb, 
the  Goat  G- 1 700 shield  dissipates  heat  rapidly. 


METAL  STAMPINGS.  DIVISION  OF 
THE  FRED  GOAT  CO..  INC.,  314  Deo*  Stiwet,  Brooklyn  17.  Now  York 


Tlio  "ay.-w»lgli»"  Model 
2A  0.45 

Aeteol  Siae  lllesfroted 


RECHARGEABLE  •  NON-SPILL 

VITAMITE 

1  OZ.  BATTERIES 

(Smaller  Tlian  2  Nn-Ugbtt) 

IDEAL  FOR  USE  WITH 

Miniature  And  Sub-Miniature  Riament  Type  Tubes 
for  HEARING  AIDS.  POCKET  RADIOS,  ETC. 
LARGER  MODELS  ALSO  AVAILAILE 
Write  for  Data  and  Literature 

THE  VITAMITE  COMPANY 

227  West  Mth  Street  New  Yerk  23,  N.  Y. 


To  your  specifications 


QUADRIGA  Quality  WASHERS 


Rilfill  the  rigid  standards  of 
electrical  and  electronic  sarvleos 


Maka  sura,  by  antrurtlng  your  washer  raqulramants  to  long  o»> 
parienca,  ample  facilities.  Any  quantity  small  or  largo:  Special 
Flat— Tension  and  Spring— Formed  and  Drawn— Cupped  and  Finishing 
—Friction— irregular  Contour — Dished  Blanks,  etc.  Wire  terminals. 
SMALL  STAMPINGS,  any  design.  Ask  for  catalog. 

THE  QUADRIGA  MANUFACTURING  CO. 


Est.  ISM  “HaH  a  Century" 
221A  W.  Grand  Ave. 


Chlecigo  10.  IB. 
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CODK.CARD  SYSTKM 

S«ll-it»rtic  Sirit  n*MM  «■«>  •)  UMf  Iw  |m  to  pMl( 


PEEL  Of^PPLY  CVlDE NTIF Y 


QUIK- LABELS 

Mark  Y our  Wires  Faster 

QUIK'LABELS  cods  Wires,  Leads,  Circuits, 
Relays  Parts,  etc.,  faster  and  cheaper.  •  Pre* 
cut  to  exact  size,  QUIK-LABELS  come  on 
handy  cards.  •  Ready  to  use,  they  stik-quik 
without  moistening,  replace  slow  and  costly 
string  tags,  roil  tapes,  decals,  stencils,  metal 
tabs,  etc.  •  Silicone  plastic  coated  to  resist 
dirt,  grease,  abrasion.  •  Self  Starter  strip 
automatically  expose  ends  of  Labels  fBr  you  to 
grasp  instantly  —  no  more  finger-picking. 

Write  for  Folder  and  FREE  Sample  Cards. 

W.  H.  BRADY  COMPANY 

e,tsbli,ft.d  1914 

Manufactunn  of  Solf-StIcUng  Tope  froduoft 

240  W.  Wells  St.,  Milwaukee  3,  Wisconsin 
Factory  —  Chippewa  Falls,  Wlseeesie 


TELECHRON  MOTOR 

I  R.P.M.  or  2  R.P.M. 

3.85 


LIMITED 

QUANTITY 


RRVBRSIBLE  6EARED  MOTOR 

ALNICO  FIELD 


Operates  ee  Floshllglit  batteries,  speed 
depending  on  the  voltage.  Fairly  strong  on 
*  volts,  fall  power  and  speed  on  27  volts. 
Designed  to  be  esed  in  beoibsigbts,  ante- 
matic  pllats.  etc.  2S0  RFM. 

A  bargain  at.......... 


$500 


HAYDON  SYNCHRONOUS  TIMING 
MOTOR 

to  operate  switches,  etc. 
con  be  had  either  1  Rev. 
per  hear  er  1  Rev.  per 
minnte  at  this 

SPECIAL  C  ^  fi  C 
PRICE 

Many  other  speeds  available  at  $4.tS 


EST. 

1923 


BLAN 


EST. 

1923 


ExperInMnters  and  Inventors  Snpplles 

64  Dey  St..  New  York  7.  N.  Y. 
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REGULATED 

ARTIFICIAL  D.  C.  POWER  LINE 

For  Production  or  Laboratory  Tests 
Where  D.C.  Is  Not  Readily  Ayailable 


For  Testing: 
A.C.-D.C.  RADIOS, 
SOUND  EQUIPMENT. 


115  V.  A.C  source  provides  continuously  adjustable 
A.C.  and  D.C.  voltage  from  0  to  135  volts.  Tlie  D.C. 
voltage  is  electronically  regulated  to  within  1%  re¬ 
gardless  of  line  or  load  variations.  A.C.  and  D.C. 
voltmeters  permit  continuous  observation  of  output 
voltages.  Single  switch  controls  both  A.C.  and  D.C 
outputs  to  receptacle  on  front  of  panel.  Indicating 
UNIVERSAL  MOTORS,  Etc. pilot  lights  inform  operator  as  to  type  of  output 
'  current. 

Two  models  available: 

Model  310A 

(as  described 
and  illustrated)  . 

Model  310B 

(D.  C.  only) . 280.®® 

Write  for  Cirtular  310 

Electronic  Instruments  Designed  for  Your  Special  Requirements 


$330.®® 


806  W.  NORTH  AVENUE.  CHICA60  22,  ILLINOIS 


CUP  WASHERS 
for  Binding  Screws 


as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


WHITEHEAD  STAMPING  CO. 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 


WHAT  MAKES  A  MAILING  CLICK? 


mst 


MeGRAW-HILL 

DIRECT  PUIL  UST  SERVICE 


Advertising  man  agree  .  .  .  the  list  Is  more  than  hall 
the  story.  McGraw-HUl  Mailing  Lists,  used  by  leading 
manufacturers  and  industrial  service  organisations, 
direct  your  advertising  and  sates  promotional  efforts 
to  key  purchasing  power. 

In  view  of  present  day  difficulties  in  maintaining 
your  own  mailing  lists,  this  efficient  pereonolised 
service  is  particularly  important  in  securing  the  com¬ 
prehensive  market  coverage  you  need  and  wont. 
Inveetigote  today. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  Wosl  42nd  Stroet  Now  York.  18.  New  York 


's. 


J 
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speed  production— cut  costs  with 

AUTOMATIC-FEED  SOLDERINC  IRONS  AND  ACCESSORIES 


TWO  STAQE 
EQUALIZER 
PRE-AMPLIFIER 

(without  power 
tupply) 

$27.50 


HEAVY  DUTY 
EJECT-O-MATIC 

High-kept  IN  pnd  ISO-wptt 
models  for  generel  hepvy 
electricpi,  plectronlc  end  re¬ 
pair  work.  Alto  available  In 
long-nosed  "Instrumant" 
model.  Weight  only  22  ox. 


STANDARD 

EJECT-O-MATIC 

Popular  W  and  75-watt  mod¬ 
els  for  general  radio  and 
electrical  work.  Special  long- 
nosed  models  available  for 
soldering  Inside  deep  recep¬ 
tacles,  hard-to-get  relays 
and  assemblies.  Weight  only 
It  ox. 


complete  line  now  available 


VERTI-MOUNT 

Treadle  operated  — '  leaves 
both  hands  free  to  hold 
work.  Pre-heats  and  solders 
work  with  one  easy  foot 
movement.  Takes  all  E)ect-0- 
Matic  Irons. 


TIPS—  Multi-clad  tips  available  in  eight 
different  sixes  and  shapes. 

SPECIAL  TIPS  DESIGNED- 
MINIMUM  10  TO  ORDER. 


Send  for  new  catalog  and  prices. 

MULTI-PRODUCTSTOOLCO.  123  SUSSEX  AVENUE.  NEWARK,  N.  J. 


NEWS  OF  THE  INDUSTRY  (continued) 

Exhibit  of  The  Inetnimeat  Bodety  of 
America,  at  Stevens  HoteL  Chicago. 

Sbft.  28-25 :  A  IBB  Middle  Baatem  Dlatrlct 
Meeting,  Dayton,  Ohio. 

Sbpt.  SO^Oct.  11'  National  Bgdlo  Bxhlbl 
tlon,  Olympia  Hall,  London,  apeaaored  by 
Brldah  Radio  Induatry  Connell  and  featur¬ 
ing  new  British  radio,  electronic  controL 
radar,  and  televiaion  eqnlpment. 

Oct.  6-8 :  ASMB  Petroleum  Mechanicml  En¬ 
gineering  Conference,  Houaton,  Texas. 

Oct.  16-17 :  annual  meeting,  National  Con¬ 
ference  on  Industrial  Hydraulics,  Hotel 
Continental,  Chicago ;  information  from  Dr. 
V.  L.  Streeter,  Armour  Research  Founda¬ 
tion,  Chicago. 

Oct.  21-25 :  Pacific  Chemical  Bxpoaltlon, 
San  Prancls<»  Civic  Auditorium. 

Oct.  80-Nov.  1 :  semiannual  meeting,  Amer¬ 
ican  Society  of  Tool  Engineers,  Boston, 
Mass. ;  information  from  H.  £.  Conrad,  1666 
Penobscot  Bldg.,  Detroit  26,  Mich. 

Nov.  3-5:  National  Electroaica  Conference, 
Edgewater  Beach  Hotel,  Chicago. 

NoL  8-7 :  AIEB  Midwest  General  Meeting, 
Qhicago,  Ill. 

Dbc.  1-5 :  1947  annual  meeting,  ASMB,  At¬ 
lantic  City,  N.  J. 


ROBIIVSOIY  BELT-DRIVE 

Precision  Turntables 

'A  ^Right  angle''  belt  drive  and  patented  ^^seismic"  sub 
base  motor  mounting. 

A  Instant,  foolproof,  lever  shift  from  78  to  33  1/3  R.P.M. 

A  New  micrometer  speed  adjustment  and  patented  plane¬ 
tary  ballbearing  transmission. 

IVEW  !  !  !  Transcription  Tone  Arm  with 
Variable  Relnetance  Cartridge 


OOnOLI  S80 


BUSINESS  NEWS 


Raytheon  Mpg.  Co.  announced 
plans  to  move  its  Broadcast  Equip¬ 
ment  Division  from  Chicago  to  its 
main  plant  at  Waltham,  Mass. 


Federal  Telephone  and  Radio 
CoRP.  has  added  approximately  600,- 
000  square  feet  of  floor  space  to  its 
Clifton,  N.  J.  plant  to  bring  the 


Aarlal  view  of  Fedoral's  Clifton  plant 


total  there  to  approximately  850,- 
000  square  feet  now. 


American  Time  Corp.,  Springfield, 
Mass.,  manufacturers  of  coin-oper¬ 
ated,  industrial,  and  photographic 
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Airborne  Instruments  Labora¬ 
tory,  Inc.,  Mineola,  N.  Y.,  has  in¬ 
stalled  aircraft  antenna  radiation 
pattern  measuring  equipment  (de¬ 
scribed  in  Electronics,  May  1947) 
at  its  recently  established  field 
measurement  laboratory  located  in 
Hangar  3  at  2627  No.  Hollywood 
Way,  Burbank,  Calif.  The  new 
group  offers  complete  field  meas¬ 
urement  service  to  broadcast,  tele¬ 
vision,  f-m,  police  and  other  radio 
stations  as  well  as  to  aviation  serv¬ 
ices. 


DELIVUY 


DEPENDABLE 
Endurance  Testing 
With  the  NEW 

Walcrest 


MULTI-SPEED 


Sequence  Timer 


PERMITS  WIDE  SELECTION 
or  SWITCHING  PERIODS. 
NOT  A  SPLIT  SECOND  DE¬ 
VICE  BUT  A  DEPENDABLE 
MULTI-SPEED  TIMER.  ^ ^ 


$25. 


4  MiMtaM*  tfMdt  S' 

5  tna*  MtiaH  (witehM-IOAI2SV  AC 
Pawirtnl  tynehronom  ■•lor 
litorohaNMoMo  motor*  for  oxtondod  *pood  ranw 
Tort  3  dovloo*  at  onoo  If  nooooaary 

Caa*  oadly  ootchod  for  tinini  roqnlromontt 
Com*  adjMstaklo  la  pha**  rolatloa 
Covntor  roiiitar*  cam  row  and  ipood* 

•top-point  (tall*  cam*  withoat  itoppinp  motor 
Intorvali:  I  to  3t  minptoo 

Will  ko  (hipped  to  aeeroditod  firm*  30  day*  froo 
trM,  Comploto  with  Inttmotloa*. 

©WALLACE  METAL 
PRODUCTS  CO.,  INC. 

SO  Grooao  SL,  Now  Havon.  Cana. 


•  Noiseless  in  operation 

•  Strong  and  durable 

•  Good  performance  in  all 

climates 


,  ft  ' 

H  jtow.  f -•»  i^dod 

^p,,  of  *•  about 

and  S*^**  _  copy.  '*''*'* 

for  R-todoy’  _ 


SJ.WHITB 

TNI  S  E  WNin  DENTAL  MPa  CO.  i 


STANDARD  RANGE 
1000  ohms  to  10  megohms* 
•  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  Iho 
Standard  Rongo  ore  supplied  with  each 
resistor  noise  tested  to  the  following  stand¬ 
ard:  "For  thn  complete  oudie  frequency 
range,  resistor  shall  have  less  noise  than 
corresponds  to  o  change  of  resistance  of 
1  port  in  1,000,000." 

HIGH  VALUES 

15  to  1,000,000  megohms 


INDUSTRIAL 


DIVISIOft 


DIPT.  A  10  BAST  «0tb  ST..  NSW  TORN  t*,  N.  T.^ 


MXlOU  •MMf  tOOU 


•etciAi  fmmmjk  autmi 


Cme  j4me>UetC»  A  AAA  Omdu^tU^U 


Molded  Phenolic 


COIL  FORMS  •  BOBBINS 


Yo«  con  save  on  mold  and 
piece  charges  at  Mayfair 

Coil  forms  or  bobbins,  made 
to  your  specifications. 

Our  mold  charges  are  lower 
than  were  formerly  consid¬ 
ered  possible. 

Send  print 

for  prompt  quotation 


Jiai//a/r 

MOIDED  PRODUCTS  CORPORATION 
4440  Elston  Avenue  *  CKicoge  30 


SMALL  PARTS 

Filaments,  anodes,  supports,  springs, 
etc.  for  electronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
VL-inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 

ART  WraE  AND 
STAMPING  GO. 

227  High  St.  Newark  2.  N.  J. 


LABORATORY  TEST  EQUIPMENT 

by  FREED 


Sand  for 

Oascriptivo 

Ufarofura 
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COPPER  OXIDE 
RECTIFIERS 


IMPROVE  INSTRUMENTS 


AT  LOW  COST 


timing  devices,  has  purchased  the 
Pond  Engineering  Co.,  Springfield. 

Remoo  Electronics  Inc,  New 
York  City,  has  issued  a  license  on 
its  cathode-follower  circuit  patents 
to  the  Bell  System  and  Western 
Electric  Co. 

Lenkurt  Electric  Co.,  San  Carlos, 
Calif.,  is  completing  a  new  20,000 
square  foot  plant  for  manufacture 


Vacuum -processed,  gold 


coated  Bradley  instrument 


rectifiers  increase  equip 


ment  efficiency.  Especially 


designed  for  use  where 


stability  and  permanence 


of  calibration  are  impor 


tant,  '  Coprox*'  rectifieYs 


meet  the  most  exacting 


requirements.  Yet  they 


cost  no  more  than  ordin 


ary  rectifiers  —  in  most 


cases,  less. 


Temperature  error  is 


exceptionally  low  with 


Bradley  rectifiers.  Aging 


IS  practically  nil.  Pre¬ 
soldered  leads.  Rating  of 
CX-2E  series  up  to  4.5 
volts  A.  C.,  3  volts  and  5 
milliamperes  D.  C. 


illustrated  literature, 
available  on  request, 
shows  more  models  of 
draper  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiers  and  photocells. 
Write  for  "The  Bradley 


BRADLEY 

LABORATORIES,  INC. 

82  Meadow  St.  New  Haven  10,  Conn 


Now  Lenkurt  plant 

of  carrier  telephone  equipment  and 
powder-metal  parts. 

National  Electronics,  Inc.,  Ge¬ 
neva,  111.,  has  begun  the  manufac¬ 
ture  of  industrial  power  tubes,  spe¬ 
cializing  in  quick-heating  gaseous 
types  in  the  0.6  to  15-ampere  range. 

Gothard  Mfg.  Co.,  Springfield,  Ill., 
has  purchased  the  tools,  equipment, 
and  inventory  for  dynamotor,  inver-  j 
ter,  and  motor-generator  production  ' 
from  Pioneer  Gen-E-Motor,  Chi¬ 
cago,  who  are  discontinuing  manu¬ 
facture  of  these  items. 

E.  F.  Johnson  Co.,  Waseca,  Minn, 
has  purchased  the  tools,  equipment, 
and  inventory  of  the  Gothard  line 
of  indicator  lights  from  Gothard 
Mfg.  Co.  The  latter  firm  will  con¬ 
centrate  all  facilities  on  dynamotor, 
inverter,  and  motor-generator  pro¬ 
duction. 

Colonial  Radio  Corp.,  wholly- 
owned  subsidiary  of  Sylvan  ia  Elec¬ 
tric  Products  Inc.,  has  begun  pro- 


Colonial  s  new  Caliiomia  plemt 

duction  of  private-brand  radio  sets 
at  its  new  Riverside,  California 
plant. 

General  Electronics,  Inc.  has 


BATTERY  ELIMINATORS 

FOi  CONVMTINe  A.C.  TO  D.C. 
New  Models  .  .  .  designed  for  fesf- 
leg  D.C.  electrical  apporatos  ee 
regaler  A.C.  Hoes.  Eqelpped  wHii 
fall-wave  dry  disc  type  rectMer, 
ossering  ooiseless.  leterfereoce- 
free  operotioa  eed  estrewe  loeg 
life  and  reliability. 

•  Elimiaotes  Storogo  Bettorlos  SMd 
Battery  Chargers. 

•  Operates  the  Iqnlpmeot  of  Maxi- 
mem  EtRciaaey  at  All  Times. 

•  Fvlly  Aatamotlc  and  Ftwl-Preof. 


AUTO 
RADIO 

Replacoment  Vibrators 

Designed  for  Use  in  Standard  VI- 
brator-Oporoted  Anto  Radio  Rocniv- 
•rs.  Built  with  Precisioa  Coostrnc- 
tion  for  Longer  Lasting  Lifn. 


STANDARD  AND 
HEAVY  DUTY  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Specially  designed  for  operatiM 
A.C.  radios,  tolovision  sots,  ompll- 
Hors,  addross  systeois,  and  rcmi# 
tost  oquipmont  from  D.C.  vottogos 
in  vehiclos,  ships,  trains,  planns, 
and  in  D.C.  dish-icts. 

WRITE  FOR  NEW  CATALOG- 
JUST  OFF  THI  FRiSS 


AMERICAN  TELEVISION  &  RADIO  CO. 

Oua(''v  Products  Since  1931 

ST  PAUL  1  ,  MINN  USA 
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completed  a  new  two-story  building 
adjacent  to  its  original  plant  in  Pat¬ 
erson,  N.  J.,  adding  13,200  square 
feet  of  floor  space  for  mwufacture 
of  electronic  tubes. 


te\ephone-(ji},^ 


New  Enterprises,  Inc.,  84  State 
St.,  Boston,  Mass,  offers  financial 
backing  for  development  of  untried 
business  enterprises  of  a  scientific 
nature. 


Shurite  Meters,  New  Haven, 
Conn,  has  been  organized  to  manu¬ 
facture  an  extensive  line  of  meters. 


A  new  Advance  relay.  Series  5200  and  6200  are  similar  to 
series  5000  and*6000  but  have  single  contacts.  This  compact 
relay  is  ruggedly  made  to  withstand  vibration.  Operates  on 
1/10  to  2  watts  of  power.  Thoughtful  design,  finest  mate¬ 
rials,  and  skilled  craftsmanship  make  this  the  finest  relay 
of  its  type. 

SPECIFICATIONS: 

•  Any  contact  combination  SPST  to  4PDT  •  Pure  silver  contacts  1/8"  to 
3/16"  *  Univorsal  wound,  varnished,  vacuum  impregnated  coil  •  1  to 
16000  ohms  DC  resistance  •  1  to  220  volts  AC  or  1  to  150  volts  DC 

•  Phosphor  bronze  blades  and  armature  pin  •  Pivot  hinge  with  phosphor 
bronze  bearing  (lew  friction) 

Write  for  new  catalog,  issvod  May>  1947 


PERSONNEL 

Leonard  Mautner  has  been  placed 
in  charge  of  the  Television  Trans¬ 
mitter  Department  at  Allen  B.  Du¬ 
Mont  Laboratories,  Inc.,  Passaic, 
N.  J. 


Austin  C.  Lescarboura,  publicity¬ 
advertising  consultant  serving  ra¬ 
dio  manufacturers,  was  awarded 
the  order  of  Officier  de  VInstruction 
Publique  by  the  French  govern¬ 
ment  in  recognition  of  technical 
services  rendered. 

P.  J.  Selgin  joined  the  staff  of  the 
National  Bureau  of  Standards,  and 
will  work  on  development  of  elec¬ 
tronic  ordnance. 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  Wast  2nd  St.,  Los  Angalat,  California  •  Phono  Michigan  9331 


HIGH  SENSITIVITY  IN  A 
SELF-CONTAINED  ALL  AC  OPERATED  UNIT 

50  MICROVOLTS  TO  5^  VOLTS 

^  MODEL 


VOLTMETER 


An  extremely  sensitive 
amplifier  type  instru¬ 
ment  that  serves  simul¬ 
taneously  as  a  volt¬ 
meter  and  high  gain 
amplifier. 


P.  I.  Selgin  G.  R.  Harrison 

George  R.  Harrison,  dean  of  the 
School  of  Science  at  MIT,  has  been 
elected  chairman  of  the  American 
Institute  of  Physics. 

1 

LAN  Jen  Chu  was  appointed  asso¬ 
ciate  professor  in  the  Department 
of  Electrical  Engineering  at  MIT. 

Leo  L.  Beranek,  formerly  with 
Harvard,  has  joined  MIT  as  associ¬ 
ate  professor  of  communications 
engineering. 

Adelbert  E.  Joost,  an  Army  vet¬ 
eran  formerly  associated  with  Syl- 
vania  Electric  Products,  Inc.,  joined 


•  Accuracy  ±2%  from  IS 
cyciM  to  30  kc. 

:t:S%  from  30  kc.  to 
100  kc. 


•  Input  impodanca 
I  magohm  plut  IS  uuf. 
shunt  capacity 


•  Gain  and  fraquancy  maasuramants  for  all 
typas  of  audio  aqufpmant 

•  Dansitomatric  maasuramants  in  photog¬ 
raphy  and  film  production 

•  Light  flux  maasuramants  In  conjunction  with 
photocalls 


•  Output  indicator  for  microphonas  of  all 
typas 

•  Low  laval  phonograph  pickups 

•  Accalaratlon  and  othar  vibration  maasuring 
pickups 

•  Sound  laval  maasuramants 


Wrifa  for  Complafa  Infermoffon 


42-1 7A  Deaglasteg  Parkway 
DOUGLASTON,  L  I..  N.  Y. 


June.  f947  —  ELECTRONICS 


and 

RECORDING 
EQUIPMENT 

ALLIED  Discs  are  fororsd  by  notsd 
broadcastsn  and  othsr  ussrs.  ior  thsir 
hi«h  iidsUty.  Tsst  tbsm  on  your  work. 
Ons  oi  tbs  first  componiss  to  make 
instantaneous  recording  equipment. 
ALLIED  offers  you  the  benefits  of  its 
seasoned  skilL 

Write  ler  ear  Ifew  Dee  crip  dye  Builelin. 

4lllEb 

RECORDING  PRODUCTS  CO. 

21-M  4M  A**..  LONG  ISLAND  CITY  I.  N.  Y. 


Tka  Pataaf  Gsfds'fos  Hoys  fsss  WmHImg  Farl 


T/i"  *  IC/j" 

4M  PagM 


ELECTRONIC  ENGINEERING 
PATENT  INDEX,  1946 

A  siastsr  compllatloa  of  over  2000  sloe* 
iromict  pofssfs  arrosgsd  for  rapid  rofor- 

sses 

During  IMS  tlie  U.  S.  Patent  Office  granted  over 
2000  aiactronics  patents.  Here  In  this  single  volume 
is  the  complete  collection  reproduced  In  entirety 
from  the  S2  weekly  iuues  of  the  Patent  Office  Oasette 
iuued  during  IMS.  Each  electronic  patent  Included 
gives  patent  title,  number,  Inventor,  SMlgnee,  lllns* 
tratlons,  etc.  All  patents  are  conveniently  arranged 
under  more  than  fO  subject  headings.  Hare  is  a 
wealth  of  new  Information  on  circuits,  components, 
manufacturing  methods,  etc. 

Descriptive  circular  on  request 


Order  Now,  Idiflon  Llmlfod 

PRICE  514.50 

ELECTRONICS  RESEARCH 
PUBUSHING  COMPANY 

2  WEST  46TH  ST.* 

NEW  YORK  19,  N.  Y. 


Now  Available.  The  1946  Editiofl  of 

ELECTRONIC  ENGINEERING 

MASTER  INDEX 

Covering  the  important  one  and  one-half  year 
period  from  July  IMS  to  December  IMS,  and 
including  over  3000  miscallanaout  antriaa,  this 
tupplamenf  contains  over  7500  now  bibliographjcal 
listings  arranged  under  more  than  400  subject 
headings.  A  special  feature  is  the  25  page  claisl- 
lied  compilation  of  MANUFACTURERS'  CATA¬ 
LOGS. 

Order  Now.  Edltloa  Limited 

230  pages . $74.50 

Send  for  daterifHvt  literetere. 


Salves  the  Preblem  of 
Mailiog  List  Maintenance! 

Probably  no  other  organisation  It  as 
well  eauipped  at  McGraw-Hill  to 
solve  the  complicated  preblem  of 
list  maintenance  during  this  period 
of  unparalleled  change  In  Industrial 
personnel. 

McGraw-Htn  Mailing  lists  cover 
most  major  Induttriet.  They  are  com¬ 
piled  from  oxclusivo  Sources,  and  are 
based  on  hundreds  of  thousands  of 
mail  queitionnalret  and  the  reports 
of  a  nation-wide  field  staff.  AH  names 
are  guaranteed  accurate  within  2% 

When  planning  your  direct  melt 
edvertising  and  sales  promotion,  con 
aider  this  unique  and  economical  serv¬ 
ice  In  relation  to  your  product.  Details 
on  request. 


LAMINATED  PLASTICS 


PhpnnI  FihrP  water-,  oil-,  and  chemical-resisting  sheets  of  high  dielectric  strength. 
rilCIIU  I  11  ...  5„pp|j^j  biach  and  natural  color.  Standard  sheets  approximately 

49  X  49  inches.  Thicknesses  from  .010  to  9  inches.  Rods  and  tubes. 

VllIrSniYPri  FihrP  Remarkably  uniform,  high-grade,  hard  fibre  in  sheets  56  x  90 
V UlbdIllLCU  I  Inches  to  save  waste  in  cutting.  Smaller  sheets  if  desired.  Also  in 

standard-size  rods. 

FABRICATED  PARTS* TAYLOR  INSULATION •  SILENT  GEAR  STOCK 
We’re  reody  whenever  you  ore.  Send  blueprints. 

TAYLOR  FIBRE  COMPANY  Nerristesim,  Peaxtaylwaaia 

Pacific  Ceaud  Plaati  Lo  Venie.  California  •  Officee  in  Principed  Cities 


MoGRAW-HILL 

DIRUT  HAIL  LIST  SCRVfCI 


McGraw-Hill  PublishiDg  Co.,  lie. 

DIRECT  MAIL  DIVISION 

330  Wotf  42nd  St..  Now  York,  It.  N.  Y 
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the  research  staff  of  Battelle  In¬ 
stitute,  Columbus,  Ohio  and  has 
been  assigned  to  its  division  of  in¬ 
dustrial  physics. 


Myron  J.  Morris  now  heads  the  In¬ 
stallation  and  Maintenance  Depart¬ 
ment  of  United  States  Television 
Mfg.  Corp.,  New  York,  N.  Y. 


Gerald  Deakin  was  elected  a  direc¬ 
tor  of  IT&T.  He  has  served  as  Vice- 
president  since  1932  and  as  vice- 
president  and  chief  engineer  since 
1944. 


John  H.  Baldwin  is  the  first  West- 
inghouse  Fellow  in  Electrical  Engi¬ 
neering  at  the  University  of  Illi¬ 
nois. 


Joe  Marty,  Jr.  is  now  manager  of 
the  Parts  &  Accessory  Division  at 
Admiral  Corp.,  Chicago. 


For  Laboratory 
and  Industry  .  .  • 


VACUUM  TUBE 
MULTI- RANGE 


HEX, 

PHILLIPS, 

FLAT 


SCREW  DRIVER 


fl  BITS 


in  this  compact 
handle 


CEQQ^llD 


William  J.  Rooke  is  director  of  the 
newly  organized  Service  Depart¬ 
ment  at  Hammarlund  Mfg.  Co.,  New 
York.  During  the  war  he  served  as 
Lieutenant  Commander  and  com¬ 
manding  officer  of  a  communications 
unit  on  Guadalcanal,  assigned  to 
set  up  radio  transmitters  on  enemy- 
held  islands  under  cover  of  fog  and 
darkness  to  guide  fleets  of  Navy  and 
Marine  bombers. 


Elmer  Schneider  becomes  vice- 
president  and  director  of  engineer¬ 
ing  at  Wheelco  Instruments  Co., 
Chicago.. 


Eugene  W.  Boehne  has  left  G-E 
to  become  associate  professor  in 
the  department  of  electrical  en¬ 
gineering  at  MIT. 


S,  K.  Lackoff  is  now  chief  engineer 
of  Eastern  Amplifier  Corp.,  New 
York  City. 

W.  W.  Watts,  vice-president  in 


‘SOINET  StREIU’  HIT 

with  interchangeable  bits 


For  m«n  who  like  to  have  a  handy, 
useful  set  of  tools,  yet  dislike  bulk 
and  "tool  hunting",  Hallowell 
"Socket  Screw"  Kits  are  the  answer. 
Their  tread-grip,  hollow  red  plastic 
handles  contain  interchangeable, 
high-grade  steel  bits  for  most  all 
purposes  where  Phillips,  Hex  and 
Slotted  Head  Screws  are  used.  Each 
has  a  swivel  bit-chuck  that  locks 
securely  in  any  one  of  five  positions. 

Hallowell  "Socket  Screw"  Kits  are 
made  in  2  sizes:  ^25,  medium;  and 
^50,  large.  .Other  Hallowell  Kits 
include:  "Socket  Wrench";  "Auto"; 
and  "Home". 


Obtainable  at  Industrial  Distribu¬ 
tors  and  Hardware  Dealers  through¬ 
out  the  country.  If  there  is  no  Sup¬ 
plier  in  your  locality,  or  he  it  sold 
out,  send  his  name  to  us,  along  with 
yours,  and  you  will  be  taken  care 
of  promptly. 


An  Ideal  gift  or  prize. 

Kits:  Patents  Pending 


Over  44  Tears  la  Butlaets 


STANDARD  PRESSED  STEEL  CD. 

JENKINTOWN,  PENNA.,  BOX  5*4 

Boston  •  Chicago  •  Detroit  •  Indian¬ 
apolis  *  St.  Louis  *  San  Francisco 
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METER 


WITH  7"  ZERO-CENTER  METER 


Ranges  to  6000  Volts 
AC  and  DC 


2000  Megs —  1  2  Amps — 70  DB 


The  Precision  EV-IO-MCP  is  a  bridge 
type  vacuum-tube  voltmeter  combined 
with  standard  1 000-^/ volt  functions 
for  direct  application  in  industry, 
electronic  maintenance  and  labora¬ 
tory.  Large  7 -inch  lero-center  me¬ 
ter  prorides  YTYM  measurements  in 
a  single  operation — indicating  both 
magnitude  and  polarity. 


a  Eight  distinct  instrument  functions 
for  most  all  measurements  in  indus¬ 
trial  electronics,  radio,  television  and 
communications.  • 


•  AC  and  DC  voltage  ranges  from 
±:3  to  ±6000;  resistance  to  2000 
megohms;  DC  current  0-600  micro¬ 
amps  to  12  amps;  output  and  deci¬ 
bels. 


Supplied  complete  with  ohmmeter 
batteries;  tubes  and  3  sets  of  test 
leads.  In  heavy  gauge  steel  case, 
IO>/2  X  12x6. 


Series  RP-IO  Vacuum  Tube  Probe, 
available  as  an  accessory  item,  pro¬ 
vides  direct  measurement  of  super¬ 
sonic,  RF  and  UHF  voltages. 


EV-IO-MCP,  comptete . $69.81 

RF-10  Probe,  additieaal . . .  13.31 


On  display  at  all  leading  radio  parts 
distributors  or  write  for  detailu 


J.  Marty,  Jr. 


W.  J.  Rooke 


PRECISION 

APPARATUS  CO.,  Inc. 
92-27  Horace  Harding  Blvd. 
Elmhurst  10,  N.  Y. 
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charge  of  RCA  Victor  Division’s 
Engineering  Products  Department, 
was  elected  a  director  of  Radio- 
marine  Corporation  of  America. 

Jbnnings  B.  Dow,  retired  from 
Navy  service  with  the  rank  of  Com¬ 
modore,  was  elected  vice-president 
of  Hazeltme  Electronics  Corp. 
Throughout  the  war  he  was  Direc¬ 
tor  of  Electronics  for  the  Bureau 
of  Ships. 


J.  B.  Dow 


G.  C.  Southworih 


George  C.  Southworth  of  Bell 
Telephone  Laboratories  received  the 
Stuart  Ballantine  medal  of  The 
Franklin  Institute,  awarded  for  the 
first  time  this  year,  “in  considera¬ 
tion  of  his  pioneer  work  in  electro¬ 
magnetic  and  microwave  technique, 
a  material  contribution  to  the  de¬ 
velopment  of  new  systems  of  com¬ 
munication  and  reconnaissance 
radar.” 

Horace  R.  Dyson  is  now  manager 
of  RCA’s  Government  Radiation 
Section  in  Camden,  N.  J.,  concerned 
with  all  government  radio  trans¬ 
mitter  and  receiver,  radar,  sonar, 
and  communications  engineering. 
He  joined  RCA  in  1931. 

Stanley  W.  Cochran  was  made 
manager  of  RCA’s  Government 
sound  engineering  section.  He 
joined  RCA  in  1930,  and  during  the 
war  was  in  charge  of  all  govern¬ 
ment  sound  equipment  produced  by 
RCA  for  the  armed  forces. 

Paul  H.  Thomsen,  formerly  chief 
radio  engineer  at  Air  Associates, 
Inc.  and  prior  to  that  vice-president 
in  charge  of  engineering  at  Air 
Track  Mfg.  Corp.,  is  now  educa¬ 
tional  director  for  Radio  Training 
Association  of  America,  Holl5rwood. 

Virgil  E.  Trouant  was  made  man¬ 
ager  of  RCA’s  Broadcast  and  Indus¬ 
trial  Section  in  Camden,  N.  J.  He 
has  been  with  RCA  since  1933,  de¬ 
signing  their  first  50-kw  broadcast 


fWl4iliiTY 


HOH-FCATMtl«*»G 


MICRO-WEAVE  and  PEL-X  5*"'' 

win  on  ALL  three 

Whatever  you  want  most  in  a  tracing  cloth, 
you'll  find  it  in  these  two  great  products  of 
Holliston  Mills.  Try  them  both  and  you'll 
agree:  it  pays  to  make  sure  you  get  "all 
three":  maximum  transparency  and  maxi¬ 
mum  erasability  and  Fninimum  feathering. 

THE  HOLLISTON  MILLS,  INC. 

NORWOOD.  MASSACHUSETTS  NEW  YORK  CHICAGO 

STROMBERG-CARLSON 


•  Photo  Rash  Control  •  Inttrumont  •  Tolovition 
.^•Radio  •  Elactronics  and  Industrial  AppGcationt 

a  Electrical  Coil  Windings 


The  stringent  requirements 
of  a  radio  of  distinction  N. 

call  for  high  calibre  trans-  > 

formers  and  electrical  coil 
windings.  For  superior 
quality  and  production, 
manufacturers  use  Dinion 
Transformers  and  Coils. 

Specialists  in  Difficult  Designs 


DINION  COIL  COMPANY,  INC. 


CALEDONIA 
NEW  YORK 
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Radiography  in  Modem 
Industry 


By  Staff  Members,  Kodak  Rasaareh 
Laboratories  and  Industrial  X-Ray 
Division.  Published  by  Eastman  Ko¬ 
dak  Company,  Rochester  Jl,  N.  Y., 
1H7,  IM  pages,  $S.OO. 


In  a  beautiful  example  of  book 
making,  Kodak  offers  through  its 
x-ray  dealers  a  large-format  (81  x 
11  inches)  slick-paper  two-color 
text  on  the  place  of  radiography  in 
industry  plus  a  great  deal  about  x- 
ray  techniques.  There  are  13  chap¬ 
ters,  three  appendices,  a  useful 
bibliography,  and  an  index.  The 
chapter  headings  include  such  sub¬ 
jects  as  geometric  principles, 
factors  governing  exposure,  radio- 
graphic  screens,  sensitivity  and  de¬ 
tail  visibility,  special  techniques, 
and  processing.  The  appendices  give 
sensitometric  data  on  Kodak  films 
(including  D-log  E  curves)  and 
how  to  use  such  data,  methods  of 
protection  against  x-rays,  and 
causes  and  remedies  of  unsatisfac¬ 
tory  radiographs. 

While  the  book  deals  with  Kodak 
mr.terials,  as  is  natural,  it  is  of 
such  general  interest  that  all  who 
use  or  handle  x-ray  equipment 
should  benefit  from  the  practical 
techniques  described  and  discussed. 
The  illustrations,  both  line  cuts 
and  halftones,  are  models  of  clarity 
and  interest. — k.h. 

.  ^  V,l 

^  Proceedings  of  the  National 
Electronics  Conference 


Volume  II,  covering  1946  Confer¬ 
ence,  741  pages,  $S.50.  Copies  ob¬ 
tainable  from  R.  E.  Beam,  Electrical 
Engineering  Dept.,  Northwestern 
University,  Evanston,  Illinois. 

Of  the  65  papers  presented  at  the 
National  Electronics  Conference  in 
Chicago  Oct.  3-5,  1946,  a  total  of 
56  are  presented  in  complete  form 
and  the  remainder  as  abstracts.  All 
papers  are  carefully  edited,  and 
both  illustrations  and  typography 
attest  to  the  diligence  and  compe¬ 
tency  of  the  publications  committee 
headed  by  R.  E.  Beam.  The  volume 
is  printed  on  high-grade  coated  pa¬ 
per  giving  excellent  halftone  repro¬ 
duction,  with  a  durable  paper  bind¬ 
ing. 

The  nature  of  the  contents  is  in- 


NOW-A  QUALITY  2-KW 
INDUCTION  HEATING  UNIT 

For  Only  $650. 

N.v.r  b«for.  «  v.lu.  lik.  this  n.w 
2>KW  b.nch  modal  “Bombard.r"  or  high 
frequ.ncy  induction  hector  .  .  .  for  sav¬ 
ing  time  and  money  in  surrace  harden¬ 
ing.  brazing,  soldering,  annealing  and 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  . 
Economical  Standardization  of  Unit 
Makes  This  New  Low  Price  Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efficiency. 
Operates  from  1 10-volt  line.  Complete 
with  foot  switch  and  one  heating  coil  made  to  customer's  requirements.  Send  samples 
of  work  wanted.  We  will  advise  time  cycle  required  for  your  particular  job.  ^st, 
complete,  only  $650.  Immediate  delivery  from  stock.  Scientific  Electric  Electronic 
Heaters  are  made  in  the  following  range  of  power:  l-3-5-7l/2-l0-l2l/2"l5-l8-25-40-60- 
80-I00-250KW. — and  range  of  frequency  up  to  300  Megs,  depending  on  power 
required. 


Division  of 
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107  Monroe  St.,  Garfield,  N.  J. 
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Strength  .  .  .  Economical  .  .  .  IMMEDIATE 
DELIVERY ! 


Wrtl»  for  full  d»t0ila, 
specHIcofions  and  prkes. 
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WILIER  SMeniHA 


NEWS  OF  THE  INDUSTRY 


(ceatiMiMd) 

transmitter  and  their  first  high- 
frequency  generator  for  industrial 
heating. 


5  SECOND  HEATING 


DEPENDABLE 


WELLER  MFG.  CO 


y  iiring  the 

A.  W  .  Hay- 

tlon  desifjned  \  D.  (... 
Mtttor  that  was  a  totnpo- 
nent  of  the  robot  pilot 
controlling  the  accurate 
(light  of  the  "bat"  from 
launching  tt)  pt)int  o(  im¬ 
pact  as  much  as  S  miles 
distant  on  the  target  ship. 

1  hese  same  motors  art- 
now  being  manufactured 
tor  use  in  \arious  aircraft 
antlother  applications.  1  he 
engineering  skill  that  de¬ 
signed  these  motors  is  at 
>our  service  for  the  asking. 


ROBEB^r  R.  Welsh  becomes  manager 
of  RCA’s  Ck>mmunication?and  Spe¬ 
cialty  Section  in  Camden,  N.  J.  He 
joined  RCA  in  1930,  was  for  four 
years  chief  engineer  of  RCA’s  Cana¬ 
dian  plant,  and  went  to  London  last 
year  as  technical  adviser  to  the 
State  Department  for  the  PICAO 
meetings. 

Clakence  a.  Gunther,  RCA  assist¬ 
ant  chief  engineer  and  in  charge 
of  Government  Equipment  was  re¬ 
cently  made  an  engineering  section 
manager.  He  has  been  with  RCA 
since  1930,  in  communications  and 
television  engineering  work. 


Specially  engineered  lightweight  trans- 
former  produces  soldering  heat  in  loop 
tip  5  seconds  after  trigger  switch  is 
closed.  Acclaimed  by  radio  servicemen 
nation-wide  as  a  mone^  maker. 


Always  ready  to  use  when  picked  up.  f  , 

Fast  cooling  makes  it  safe  to  lay  down 
on  bench. 

_  100  Watts 

j.fjij.inj.jjs  115  Volts 

60  Cycles 

Thousands  in  doily  use  without  any 
maintenance — some  as  long  as  5  years. 

Nothing  to  break  or  bum  out 

Get  a  Weller  Soldering  Gun  from  your  radio  parts  dis* 
tributor  or  write  direct  for  bulletin. 


C.  W.  Dalzell  is  now  chief  engi¬ 
neer  of  Franklin  Transformer  Mfg. 
Co.,  Minneapolis,  Minn. 


In  Canada:  Atlas  Radio  Corp.,  Ltd.,  560  King  St.,  N.  W..  Toronto,  Ont, 
Export  Dept.:  25  Warren  St.,  New  York  7,  N.  Y. 


L.  O.  Grondahl 


C.  W.  Dalxell 


Lars  0.  Grondahl,  director  of  re¬ 
search  and  engineering  at  Union 
Switch  and  Signal  Co.,  Pittsburgh, 
received  the  George  R.  Henderson 
medal  of  The  Franklin  Institute  “in 
consideration  of  his  contributions 
over  a  period  of  years  to  the  devel¬ 
opment  which  has  resulted  in  mak¬ 
ing  available  a  practical  system  of 
inductive  train  communication.” 


William  J.  Morlock  becomes  man¬ 
ager  of  RCA’s  Distributed  Products 
Section,  including  sound  products, 
motion  picture  sound,  and  test 
equipment  engineering.  He  has  been 
in  sound  equipment  work  at  RCA 
since  1930. 


Rebel  Filet  Develeped  by  Bell  Tele¬ 
phene  Lobereteriee  Using  D.  C. 
Meier  Designed  by  A.  W.  Hayden 


George  A.  Scherry  has  been  ap¬ 
pointed  chief  electrical  engineer  at 
the  La  Grange,  Illinois  plant  of 
Grayhill,  electrical  switch  manufac¬ 
turer  in  Chicago.  He  was  previously 
in  charge  of  engineering  and  pro¬ 
duction  for  Garner  Electronics 
Corp.,  Chicago. 


"^0  N  P  A  N  Y 
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NEW  lOOKS  (continuad) 

tubes — how  they  are  made  and  how 
they  work,  with  emphasis  on  indus¬ 
trial  t3i>e3.  In  logical  order  follow 
chapters  on  amplifier  circuits,  oscil¬ 
lator  circuits,  circuits  for  modula¬ 
tion  and  detection  by  carrier  waves, 
high-frequency  heating  systems, 
basic  electronic  control  circuits,  in¬ 
dustrial  applications  of  electronic 
control,  and  electronic  regulator  cir¬ 
cuits.  Step-by-step  procedures  for 
determining  the  size  of  generator 
and  the  work  coil  design  required 
to  heat  a  particular  shape  of  metal 
to  a  given  temperature  in  a  given 
time  by  induction  heating  are  given, 
along  with  corresponding  calculat¬ 
ing  procedures  for  dielectric  heat¬ 
ing.  The  book  is  a  mature  engineer¬ 
ing  work,  deserving  of  a  place  in 
the  library  of  an  industrial  appli- 
ution  engineer. — P.R. 

^  Directional  Antennas 


By  Carl  E.  Smith,  published  by 
Cleveland  Institute  of  Radio  Electron¬ 
ics,  Clsveland,  Ohio.  300  pages,  $15.00. 


Broadcasting  antenna  patterns  are 
theoretically  developed  in  Part  I.  In 
Parts  II  and  III,  238  polar  charts 
are  presented  for  two  and  three 
tower  arrays  respectively.  The 
charts  were  drawn  by  an  electro¬ 
mechanical  directional  antenna  cal¬ 
culator.  The  theoretical  section  pre¬ 
sents  material  on  vertical  radiation 
patterns  and  radiator  impedance. 
The  latter  part  of  the  book  consti¬ 
tutes  a  highly  useful  reference  for 
determining  antenna  spacing  to  ob¬ 
tain  desired  broadcast  station  cov¬ 
erage  and  required  guard  of  other 
stations. — F.R. 


Basical 


Acoustics 


By  Charles  A.  Culver.  The  Blakiston 
Co.,  Philadelphia,  Pa.,  second  edition, 
t9Jt7,  SI  5  pages. 

Terminology  of  sound,  hearing, 
and  music,  and  operating  principles 
and  tonal  characteristics  of  various 
musical  instruments,  including 
brief  mention  of  electronic  types, 
are  described  for  those  unfamiliar 
with  physics.  Although  the  material 
is  concise,  it  is  comprehensive.  How¬ 
ever,  because  of  excessive  caution  in 
being  scientifically  accurate,  espe¬ 
cially  in  details  that  the  intended 
reader  cannot  appreciate,  the  lucid¬ 
ity  of  the  introductory  chapters 
suffers. — F.R. 


WINCHESTER  LIGHTWEIGHT  CONNECTOR 


AI88 


A18P 


CABLE  CLAMP 


Designed  originally  for  Airciait  applications,  this  new  WINCHESTER 
Connector  is  being  used  extensively  in  communications  and  indus¬ 
trial  fields  where  reliability,  compactness  and  light  weight  ore  im¬ 
portant  factors. 

*  WINCHESTER  MONOBLOC*  construction 

*  18  Precision  Machined  Contacts 


*  Long  Creepage*  Paths  *  Melamine  Insulation 

e  Compactness  e  Light  Weight 

'Tradwnaxk 

Writ*  ior  CotaJo^  Sheet  Q  1-47  * 

THE  WINCHESTER  COMPANY 

6  EAST  46TH  STREET  NEW  YORE  17,  M.  Y. 


Eugene  Mittelmann,le.,pild. 

Consulting  Engineer 
and  Physicist 


Formerly  Director 
of  Electronic  Research 
and  Development 
Illinois  Tool  Works,  Chicago 


Announces 

The  opening  of  his  Offices 
and  Laboratory 

549  W.  Washington  Boulevard 
Chicago  6,  Illinois 


High  Frequency  Heating 
Industrial  Electronics 
Applied  Physics 

AND  Mathematics 

• 

State  8021 


STEATITE 

CERAMIC 


Prop«HWs  md  CharocHrUtlcs  e4  Oet 
LAVITE  SI-5  StMttt*  C«ra«ie  Cody 

CamprMsiv*  StrMgth  . M.OOO  lb«.  pm-  •quar*  ImM 

Tonsil#  Strength  .  7,300  lb».  p*r  agMirw 

rirauml  Strength  . lO.SOO  Ibe.  pmr  MqiAhre  IimIi 

M^utue  of  Rupturo . 30,000  Ibo.  por  pgupro  Ipoli 

Dielectric  Strength  . . . 338  votta  per  mil 

Dielectric  Constant  . 6.43  - _ ^ 

Loss  Factor . 3. SO  **^*y?gy  y 

Power  Factor  . 4.46  *  msgacyeie 

Dulk  Specific  Oravity  . 3.66444 

Density  (from  above  gravity) ...  0. 066  Ibo.  por  cabio  loon 

Hardness  (Mohr  scale)  . 7.0 

Softening  Temperature  . .....3.360*6. 

Linear  CosfWcient  of  Oxpansion  . 6.13x16^ 

Moisture  Absorption  (ASTM  0-ti6-43-A) . O.OOS46 

Design  engineers  and  manufacturers  in  the  radio, 
electrical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  Qualities  called  for  in  that 
specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  hifd>  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its  excel¬ 
lent  workability  makes  it  ideal  for  all  high  fre¬ 
quency  applications. 

We  wiU  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MEG.  COMPANY 

Mam  Office  &  Worki  Choffonoogo. 
Needham,  Mass.  Chicago  Los  Angeles 


ELECTRONICS  — Jim*.  1947 


267 


UNUSUAL  BUYS 
IN  FINE  AUDIO 
ACCESSORIES 


NEW  BOOKS  (coRtiniwdJ 

dicated  by  the  Conference  program, 
published  in  Aug.  1946  Electronics, 
p  270-274.  In  compiling  the  pro¬ 
ceedings,  the  papers  were  grouped 
in  16  logical  classifications  for  easy 
reference.  Brief  biographies  of  all 
authors  presenting  papers,  with 
photographs  of  most  of  them,  are 
included  in  the  appendix  along  with 
a  complete  list  of  registrants  and 
exhibitors.  All  in  all,  this  volume  at 
its  low  price  per  page  constitutes 
one  of  the  best  book  buys  of  the 
year  in  the  technical  publishing 
field.  The  many  papers  constitute 
an  up-to-date  roundup  of  electronic 
progress  well  meriting  addition  to 
a  reference  library. — J.M. 


TwMrty*tt«p  dacadM.  Splaadid  for  labs,  radio  ttaHoni.  racording  studlot— any  placa  whara 
pracita  unlH  of  rasittanca  «ra  raqairad.  ucallant  for  bridgat,  ratitfanca  tfandardt,  parcantaga 
controls  (aach  stap  aqualt  S%),  for  matar  multfpllars  ate.  Four  sizat  avallabla,  as  follows: 


Photoelectric  Cells 

By  Sommer.  Chemical  Publishing 
Co.,  Brooklyn,  New  York,  19J^7,  lOU 
pages,  $2.75. 

Oferation,  characteristics,  and 
construction  of  photoelectric  tubes 
(as  distinguished  from  photoelec¬ 
tric  cells,  the  former  operating  by 
emission,  the  latter  by  barrier  layer 
or  photoconduction — the  misnomer 
in  the  title  should  be  noted)  are 
surveyed.  Although  some  specific 
information  on  emitting  materials 
and  operating  properties  is  given  in 
this  monograph,  the  tube  designer, 
to  whom  it  seems  directed,  will 
find  it  inconclusive. — ^P.R. 


EXCLUSIVE  Apex  Cueing  Discs 


Broadcastan  and  racording  tfudlot  hava  naadad  fhata  for  a  long  tima. 
IB*'  Formica  disc  wltti  flocking  on  ona  sida— othar  sida  pollshad.  Makas 
cualng  simplar  —  pravaata  scratching  acatatas. 


ALSO  AVAILABLE  FROM  STOCK 

Jacks  and  Jack  Strips 'Fatdi  Cords -ADC 
Audio  and  Power  Transformers  -  Variable 
Cut-off  Filters  -  IS-rolt  DC  Relay  Power 
SuppUra  -  10-kc  Beat-Note  Filters 


Electronics  for  Industry 

By  Waldemar  I.  Bendz,  Westinghouse 
Electric  Corp.,  Boston,  Mass.  John 
Wiley  &  Sons,  Inc.,  New  York  16, 
N.  Y.,  501  pages,  $5.00. 

Written  for  electrical  engineers 
whose  interest  has  become  directed 
toward  electronic  apparatus,  this 
book  explains  without  resort  to 
equations  the  fundamentals  of  elec¬ 
tronic  tubes  and  circuits,  with  em¬ 
phasis  on  how  these  fundamentals 
are  applied  to  industrial  electronic 
equipment.  A  welcome  feature  for 
engineers  grown  unaccustomed  to 
study  of  textbooks  is  a  concise  and 
clearly  worded  summary  at  the  end 
of  each  chapter.  Those  desiring  ad¬ 
ditional  information  on  a  particular 
subject  will  like  equally  well  the 
chapter-end  references  to  recent 
books  and  magazine  articles. 

The  first  ten  chapters  deal  with 


iNSTRUMEMTS 


Precision  Movement  •  Dependability  Unlimited 

Alntco  Magnets  in  all  DC  Instruments — Hiospbor  bronze  control  springs — perfectly 
aligned  jewel  supports — non-sbifting  balance  weights — added  to  its  many  other 
superior  construction  features  enables  Burlington  Instruments  to  maintain  critical 
characteristics. 

All  ranges  AC  or  DC  available  in  21",  Si",  4y  sizes,  rectangular  and  round. 
Inquiries  invited  for  your  specific  requirements. 

BURLINGTON  INSTRUMENT  COMPANY  burun^t’on,^  mwA 
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Professional  Services 

Consulting  —  Patents  —  Design  —  Development  —  Measurements 

io 

Radio,  Audio,  Industrial  Electronic  Applications 


H.  RUSSELL  BROWNELL 

Consulting  Engineer 

>Melallslac  In  MMimaoiU  A  TtMlu 
InitNiBMiU  A  TmAdIqum  -  Electrical  •  Dec- 
tiwUa  •  Mamatle. 

IS*  Wait  «tA  Bt.  New  York  14.  N.  T. 

Chaliea  S-4SIS 


EDWARD  J.  CONTENT 

Acoustical  Consultant 

■ad 

AotUo  Sratami  Boclaeertng,  ni.  Standard  Btoad- 
eaet  aad  Tatertelaa  Studio  Deelsn. 

UasUm  Baad  Stamford  S-TdSS 

Stamford.  Ooao. 


CONTROLS  LABORATORIES,  INC. 
Consulting  Division 
EXCEPTIONAL  FACIUTIX8 

_  for _ 

EEBXABCH  and  DBVELOPUENT 
■aetiical  and  Macfaaiileal  Probletna 
SPECIAL  PATENT  SITUATIONS 
BaekBroaad  of  over  SOO  reaearoA  srofeeta. 
Partial  Hat  of  anltleeta  arallable  upon  requeat 
*S  Union  St.  Woreeater  *.  Maai 


ELM  LABORATORIES 

B.XCTBONIC-11ECHANICAL 
BESEAECH  A  DESIGN 
PefUed  BLJf  Dmtifmmu  imttmdt 
PEBQEAME  Autoautla  Badlo  Pratram  Toner, 
ramoaa  “OertT"  Dlraatloa  Plnder  Loop.  Saalod 
Xtal  Holder.  Home  Beealrer  Deelcnt. 

S*  Soatt  Biaadwar  Dobbs  Ttm,  New  York 

Pkooe  Dabbe  Ferry  4*5* 


PAUL  E.  GERST  CO. 

CONSULTING  ENGINEEB 
SpeetaKifi  4« 

nmtrUal  rrtimet  Dttian 
■.  Uaehlnary,  Apparatui  A  AppltcatiaDi 
XL  Appitaneaa.  Hl-Fraquaaelai  Apparatus 
Eleetroolce.  Badlo  Coauaunleatlana 
I**  W.  Waeker  Dr.  Chlcaia  *.  IlL 


Jjy  reason  of  special  training,  wide 
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This  department  is  oper¬ 
ated  as  an  open  fomm 
where  our  readers  may 
discuss  problems  of  the 
dectronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 
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Listening  Tests 
Dear  Editor : 

Your  request  for  “more  tests 
needed”  which  appeared  with  Web¬ 
ster’s  and  Peak’s  “Experiments  in 
Listening”  in  the  April,  1947  issue 
of  Electronics,  is  typical  of  the 
kind  of  prodding  many  researchers 
are  receiving. 

As  you  undoubtedly  know,  a  con¬ 
siderable  amount  of  work  has  al¬ 
ready  been  done  in  the  field  of  lis¬ 
tening  tests,  particularly  in  search 
for  listener  esthetic  preferences. 

In  nearly  all  reported  manu¬ 
scripts,  gross  errors  of  omission  or 
commission  were  made  in  either 
one  or  more  of  the  following: 

1.  Qualification  of  program  ma¬ 
terial 

2.  Qualification  of  listeners 

3.  Qualification  of  test  equipment 

4.  Qualification  of  testing  tech¬ 
nique 

5.  Interpretation  of  statistical 
data 

You  are  undoubtedly  aware  of  the 
statistician’s  technique  of  interpret¬ 
ing  his  data  in  accordance  with 
some  preconceived  idea.  Nearly  all 
communication  engineers  involun¬ 
tarily  follow  such  fallacious  inter¬ 
pretations.  For  example.  Table  4 
as  reproduced  on  Page  96  of  your 
last  issue,  appears  to  show  over¬ 
whelming  majority  preferences  for 
live  music  versus  transcribed  music. 

While  the  writer  has  no  fault  to 
find  with  the  listed  preferences,  the 
technique  of  compiling  this  statis¬ 
tical  data  does  no  justice  to  our  en¬ 
gineering  profession.  Your  experi¬ 
menters  ran  three  tests,  two  of 
which  involved  a  choice  of  one  or 
another  type  of  live  music.  They 
then  proceeded  to  add  their  totals 
for  each  test  to  produce  their  final 
statistical  data,  from  which  they  as¬ 
sumed  that  live  music  is  to  be  pre¬ 
ferred. 

It  is  quite  conceivable  that  if 
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THE  CLOSED  SHOP 

Key  to  Labor  Monopoly 


IF  THE  PEOPLE  of  the  United  States  are  to 
loosen  the  monopoly  control  now  exercised 
by  some  segments  of  union  labor  and  re¬ 
capture  the  power  to  control  their  own  economic 
and  political  destiny,  they  must  come  to  grips 
with  the  problem  of  the  closed  shop.  A  satisfac¬ 
tory  solution  of  that  problem  is  as  vital  to  the  in¬ 
terests  of  the  wage  earner,  who  should  be  fully 
protected  in  his  right  to  organize  and  bargain 
collectively  through  representatives  of  his  own 
choosing,  as  it  is  vital  to  the  interests  of  the  nation 
as  a  whole. 

By  the  closed  shop,  which  unfortunately  is  a 
term  that  seems  to  shed  more  heat  than  light,  I 
mean  any  shop  in  which  the  worker  must  make 
his  peace  with  a  imion  in  order  to  have  a  job. 
There  are  approximately  13  million  union 
members  in  the  United  States.  Of  these  about  10 
million  are  governed  by  arrangements  calling  for 
“closed”  shops,  imion  shops,  maintenance  of 
membership  provisions  and  similar  devices 
which  make  good  standing  in  a  union  a  condition 
to  holding  a  job. 

Such  arrangements  raise  serious  issues  about 
what  is  commonly  presumed  to  be  the  basic 
American  right  to  work.  Also,  closed  shop  ar¬ 
rangements  lie  at  the  root  of  the  dominant  eco¬ 
nomic  power  now  exercised  by  some  labor 
leaders. 

The  problem  of  reducing  the  power  of  these 
labor  leaders  to  proportions  that  make  it  safe  for 
democracy  is  the  age-old  problem  of  monopoly. 
In  an  earlier  era  this  problem  was  created  largely 
by  businessmen  who  sought  to  escape  the  re¬ 
straints  of  competition  by  combinations  or  agree¬ 
ments  to  control  prices  and  production.  Such  ef¬ 
forts  are  still  attempted  and  must  be  curbed  by 
law. 

Union  Labor  Monopoly 

But,  after  more  than  a  decade  during  which  a 
monopoly  position  for  organized  labor  hzis  been 
aggressively  promoted  by  the  federal  government, 
the  major  monopolists  today  are  those  labor  lead¬ 


ers  who  wield  the  power  of  enormous  nationwide 
unions.  About  90%  of  the  soft  coal  miners  do  the 
bidding  of  John  L.  Lewis.  A  like  percentage  of 
the  auto  workers  are  represented  by  the  United 
Automobile  Workers  of  the  C.  I.  O.  About  80% 
of  the  production  workers  in  steel  are  members 
of  the  United  Steel  Workers,  C.  I.  O.  No  single 
corporation  has  more  than  a  fraction  of  the  eco¬ 
nomic  power  that  is  concentrated  in  these  unions. 
And  if  corporations  were  to  combine  their  power 
to  cope  effectively  with  that  of  these  union  mo- 
nopplies  they  would  unquestionably  find  them¬ 
selves  charged  with  violating  the  federal  anti¬ 
trust  laws. 

In  its  national  sweep,  the  monopoly  power  of 
unions  rests  largely  on  their  exemption  from  the 
federal  antitrust  laws.  My  previous  editorial  in 
this  series  (the  53rd)  discussed  the  desirability  of 
removing  that  exemption.  The  local  roots  of  this 
monopoly  power  are  often  embedded  in  closed 
shop  arrangements. 

• 

Closed  Shop  in  Coal 

An  illuminating  case  in  point  is  provided  by 
the  United  Mine  Workers,  whose  leader  John  L. 
Lewis  has  graciously  given  the  country  a  3V4- 
month  reprieve  from  “the  hysteria  and  frenzy  of 
an  economic  crisis,”  as  he  himself  termed  it.  Dur¬ 
ing  tliat  latest  crisis  the  dispatches  from  the  soft 
coal  fields  reported  that  the  miners  were  standing 
behind  John  L.  Lewis  almost  to  a  man.  And  the 
implication  usually  was  that  the  driving  forces 
of  the  strike  were  loyalty  to  Lewis  and  the  pros¬ 
pect  of  economic  gain. 

Underlying  that  performance,  however,  and 
basic  to  it  was  an  agreement  in  the  soft  coal  fields 
providing  that  “as  a  condition  of  employment  all 
employees  shall  be  members  of  the  United  Mine 
Workers.”  Hence  to  hold  a  job  in  90%  of  the  soft 
coal  industry  which  is  governed  by  contracts  with 
the  United  Mine  Workers,  a  miner  must  not  offend 
the  union.  To  avoid  offense  the  union  member 
must  even  be  careful  in  criticising  what  his  union 
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three  tests  were  run,  and  two  of 
which  involved  single  or  dual  chan¬ 
nel  transcribed  music,  the  totalling 
of  the’  results  may  have  reversed 
their  final  conclusion. 

If,  by  analogy,  we  assume  that 
the  DuPont  Company  had  decided 
to  test  the  preferences  between  red 
and  blue,  and  conducted  tests  along 
similar  lines,  wherein  subjects  were 
asked  to  select  between  spectral 
red  and  turquoise  blue  or  pastel 
blue  (  because  of  some  technical  rea¬ 
son,  spectral  blue  could  not  be  pro¬ 
duced),  it  is  obvious  that  if  all  of 
the  subjects  were  totally  color-blind 
and  that  if  a  sufficient  number  of 
tests  were  made  and  averaged,  38 
percent  would  select  each  of  the 
tested  colors.  If  the  researcher 
then  proceeded  to  add  up  the  totals 
for  turquoise  blue  and  pastel  blue, 
his  final  result  would  show  33  per¬ 
cent  for  spectral  red  and  66  percent 
for  all  blue,  thereby  proving  “con¬ 
clusively”  that  the  majority  pre¬ 
ferred  blue. 

While  this  analogy  may  be 
strained,  its  end  hypothesis  paral¬ 
lels  those  of  Webster  and  McPeak. 

N.  M.  Haynes 

Vice-president  in  ehmrge  of 
Engineering 

Amplifier  Corporation  of  America 
Sew  York.  N.  Y. 
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Paper  Trouble 
Dear  Editor: 

I  SECOND  the  motion.  Just  retired 
after  46  years  and  8  months  with 
same  concern — being  a  member  of 
both  AIEE  and  IRE — having  been 
attending  all  sorts  of  lectures,  on 
all  sorts  of  subjects,  for  past  50 
years — and  now  being  in  position 
to  attend  more  of  them — I  object 
to  many  of  them  coming  at  the  same 
time,  on  the  same  day. 

I  want  to  listen  to  more  of  those 
papers  than  is  possible,  because  they 
come  at  the  same  time,  on  the  same 
day.  All  the  inspection  trips  start 
at  the  same  time  on  the  same  day, 
so  I  can  only  go  on  one  of  them. 

I  am  not  a  tired  business  man.  I 
have  nothing  but  time  on  my  hands 
— and  practically  nothing  to  do  ex¬ 
cept  attend  lectures  of  all  the  engi¬ 
neering  societies  I  can  get  wind  of. 

Thank  you  for  speaking  out  loud 
about  it. 

Gordon  S.  Wallace 

Brighton,  Hass. 
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does.  Suspension  from  the  union  for  six  months, 
and  hence  from  the  right  to  hold  a  job,  is  the  pen¬ 
alty  imposed  by  the  United  Mine  Workers  con¬ 
stitution  for  circulating  a  statement  “wrongfully 
condemning  any  decision  rendered  by  any  officer 
of  the  organization.” 

The  willingness  of  the  miners  to  follow  Lewis 
vmtil  the  country  froze  over  was  not,  of  course, 
exclusively  a  product  of  the  agreement  limiting 
jobs  in  the  coal  fields  to  union  members  of  good 
standing.  Some  of  it  originated  in  bad  handling  of 
employee  relations  in  the  coal  fields  in  years  gone 
by.  But  the  fact  remains  that  Lewis*  soft  coal  mo¬ 
nopoly  has  as  one  of  its  principal  foundations  an 
agreement  which  gives  the  United  Mine  Workers 
a  job-or-no-job  hold  on  90%  of  the  soft  coal 
miners. 

In  its  extreme  form,  the  closed  shop  not  only 
makes  union  membership  a  condition  of  employ¬ 
ment  but  narrowly  limits  the  numbers  admitted 
to  union  membership  and  hence  to  the  opportu¬ 
nity  to  work.  In  this  way  it  is  used  to  enforce  re¬ 
striction  .of  output  and  working  rules  which 
would  never  stand  up  under  free  competition. 

Fair  Dealing 

The  closed  shop  raises  major  issues  of  personal 
freedom  and  fair  dealing  between  individuals. 
As  matters  now  stand,  closed  shop  agreements 
require  employers  to  discharge  workers  who  lose 
their  good  standing  in  the  unions  involved.  At 
the  same  time  they  frequently  impose  no  require¬ 
ment  on  unions  to  grant  membership  to  law  abid¬ 
ing  and  technically  qualified  persons.  Many  un¬ 
ions  with  closed  shop  agreements  refuse  to  grant 
membership  on  the  basis  of  competence.  Thus, 
qualified  workers  are  denied  a  fair  chance  to 
hold  a  job. 

In  its  dealings  with  the  closed  shop  issue  the 
federal  government  has  been  pushed  into  a  self¬ 
contradictory  position.  The  National  Labor  Re¬ 
lations  Act  (the  Wagner  Act)  provides,  and  prop¬ 
erly,  that  “employees  shall  have  the  right ...  to 
bargain  collectively  through  representatives  of 
their  own  choosing.”  In  furtherance  of  that  basic 
proposition,  the  Wagner  Act  also  provides  that 
“It  shall  be  an  unfair  labor  practice  for  an  em¬ 
ployer  ...  by  discrimination  in  regard  to  hire  or 
tenure  of  employment  to  encourage  or  discourage 
membership  in  any  labor  organization . . .”  Stand¬ 
ing  alone,  the  provision  would  clearly  outlaw  the 
closed  shop. 


But  then,  to  favor  the  closed  shop,  the  Wagner 
Act  turns  right  aroimd  and  provides  that  “noth¬ 
ing  in  this  Act  .  .  .  shall  preclude  an  employer 
from  making  an  agreement  with  a  labor  organi¬ 
zation  ...  to  require,  as  a  condition  of  employ¬ 
ment,  membership  therein,”  provided  that  cer¬ 
tain  conditions  of  representation  are  fulfilled. 
This  places  the  National  Labor  Relations  Board 
in  the  impossible  position  of  trying  to  administer 
a  law  which  simultaneously  points  in  opposite 
directions. 

In  successfully  contending  that  there  should  be 
no  closed  shop  arrangements  on  the  railroads, 
the  late  Joseph  Eastman,  Federal  Co-ordinator 
of  Transportation,  said,  “If  genuine  freedom  of 
choice  is  to  be  the  basis  of  labor  relations  imder 
the  Railway  Labor  Act,  as  it  should  be,  then  the 
yellow  dog  contract  and  his  corollary,  the  closed 
shop  .  .  .  have  no  place  in  the  picture.”  The  so- 
called  yellow  dog  contract,  which  requires  a 
worker  to  agree  not  to  join  a  union  as  a  condition 
of  employment,  has  long  since  been  outlawed. 

At  one  time  the  closed  shop  was  defended  as  a 
protective  device  for  feeble  yoimg  unions  strug¬ 
gling  against  predatory  employers.  But  a  mere 
glance  over  the  current  economic  scene  discloses 
that  the  time  when  that  argument  was  supported 
by  the  facts  is  past.  Now  it  is  the  labor  leaders  who 
frequently  exercise  decisive  economic  power. 

At  elections  in  November  three  more  states, 
Arizona,  Nebraska  and  South  Dakota,  passed 
constitutional  amendments  outlawing  the  closed 
shop.  In  doing  so,  they  joined  six  other  states, 
which,  in  one  way  or  another,  have  restricted  the 
closed  shop.  The  South  Dakota  amendment  pre¬ 
sented  the  basic  issue  created  by  the  closed  shop 
in  simple  and  direct  terms  when  it  declared  that 
“The  right  of  persons  to  work  shall  not  be  denied 
or  abridged  on  accoimt  of  membership  or  non¬ 
membership  in  any  labor  imion,  or  labor  organi¬ 
zation.” 

That  issue  must  be  squarely  faced  by  the  new 
Congress  if  its  first  order  of  business,  the  labor 
crisis,  is  to  be  resolved. 


President  McGrauf-Hill  Publishing  Company,  Inc. 
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INDUSTRY-WIDE  BARGAINING . . . 

% 

Death  Trap  for  Business,  Suicide  for  Free  Labor 


ri*  CONGRESS  is  to  succeed  in  its  present  efforts 
to  prevent  strikes  in  key  industries  from  devas¬ 
tating  the  nation,  it  will  have  to  put  a  crimp  in 
industry-wide  collective  bargaining.  This  kind  of  bar¬ 
gaining  is  designed  to  apply  agreements  between  em¬ 
ployers  and  organized  workers  on  wages  and  working 
conditions  to  an  entire  industry. 

Further,  if  extension  of  this  type  of  bargaining  is 
not  curbed,  there  is  reason  to  believe  that  it  will 
undermine  the  freedom  of  both  American  business 
enterprise  and  American  wage  earners.  For,  while 
increasing  the  destructive  power  of  labor  disputes, 
the  general  spread  of  industry-wide  bargaining  would 
so  concentrate  the  fixing  of  wages— by  far  the  largest 
element  in  the  cost  of  production— that  government 
regulation  would  be  a  next  short  step.  With  that  step 
taken,  freedom  for  business  enterprise  and  freedom 
for  labor  wovild  be  well  on  the  way  out. 

Unfortunately,  industry-wide  bargaining  is  com¬ 
monly  regarded  as  presenting  a  general  conflict  be¬ 
tween  organized  labor  and  employers,  with  xmions 
favoring  it  and  employers  opposed  to  it.  This  mistaken 
notion  raises  the  heat  of  much  of  the  discussion  with¬ 
out  increasing  the  light.  The  fact  is  there  is  no  such 
general  conflict.  Employers  and  organized  workers 
are  on  both  sides  of  the  argument  about  industry¬ 
wide  collective  bargaining.  For  example,  while  some 
union  leaders  are  characterizing  as  labor  baiters  all 
those  who  raise  the  shghtest  question  as  to  the  desir- 
abihty  of  industry-wide  bargaining,  organized  work¬ 
ers  in  the  air  transport  industry  are  strenuously 
opposing  that  type  of  bargaining;  and  the  employers 
are  advocating  it 

Some  fhnployers  Like  It 

The  reason  there  is  in  fact  no  clear  cut  issue  be¬ 
tween  employers  and  unions  over  industry-wide  bar¬ 
gaining  is  readily  imderstandable.  It  presents  certain 
advantages  to  both  sides  in  the  bargaining  process. 
For  example,  union  advocates  of  such  bargaining 
generally  stress  the  fact  that  industry-wide  agree¬ 


ment  on  wages  protects  wage  standards  from  being 
undercut  by  lower  wage  areas  and  lower  wage  em¬ 
ployers.  By  much  the  same  token,  however,  employ¬ 
ers  who  like  it  often  emphasize  the  fact  that  industry¬ 
wide  bargaining  may  save  certain  well-managed  and 
prosperous  companies  from  being  singled  out  for 
particularly  heavy  wage  exactions.  This  general  point 
has. been  underlined  in  both  the  full-fashioned  ho¬ 
siery  industry  and  the  West  Coast  paper  and  pulp 
industry.  There,  local  unions,  afidliated  with  interna¬ 
tional  unions,  have  protested  that  industry-wide  col¬ 
lective  bargaining  prevents  them  fnHn  getting  from 
especially  prosperous  employers  wages  as  high  as 
they  could  get  if  allowed  to  go  it  alone  in  collective 
bargaining. 

So  long  as  employers  remain  subject  to  the  federal 
antitrust  laws  while  unions  are  exempted,  the  bal¬ 
ance  of  power  in  industry-wide  bargaining  would 
seem  to  be  heavily  weighted  on  the  side  of  the  unions. 
If,  for  example,  employers  were  to  announce  an  inten¬ 
tion  to  match  an  industry-wide  wage  increase  by  an 
industry-wide  price  increase,  there  is  no  doubt  that 
they  would  promptly  be  indicted  for  violation  of  the 
federal  antitrust  laws.  Evto  so,  the  fact  remains  that 
some  employers  favor  industry-wide  bargaining 
while  some  segments  of  organized  labor  are  against  it. 

A  Clear  Cut  Public  Issue 

The  industry-wide  bargaining  issue  as  it  affects  the 
public,  however,  is  clear  cut  It  is  concentration  ,  of 
economic  power  (in  the  hands  of  both  unions  and 
management)  which  can  make  industrial  conflict 
devastating  to  the  public  welfare.  At  least  flve  times 
within  about  a  year— in  steel,  on  the  railroads,  in  the 
maritime  industry  and  twice  in  the  soft  coal  industry 
—strikes  prompted  by  union  efforts  to  impose  indus¬ 
try-wide  agreement  about  wages  and  working  con¬ 
ditions  have  paralyzed  large  parts  of  the  nation’s 
economic  life. 

In  soft  coal  about  90%  of  the  production  workers 
are  members  of  the  United  Mine  Workers.  In  steel 


TAX  REVISION... 


i  Can  Make  or  Break  American  Business 


TS  THE  American  way  of  life  —  progress  by  pri- 
I  vate  initiative  —  going  to  get  a  fair  chance  to 
I  demonstrate  its  superiority  over  all  the  chal¬ 
lenging  varieties  of  collectivism? 

That’s  the  real  question  before  Congress  as  it  con¬ 
fronts  the  long  labor' of  remodeling  the  federal  tax 
structure.  What  Congress  does  about  taxes  will  come 
pretty  close  to  making  or  breaking  the  U.  S.A. 

Today  the  tax  colossus  that  sprawls  across  the 
national  economy  is  imguided  by  any  central  nerv- 
’  ous  system.  Its  crushing  weight  comes  down  first 
\  here,  then  there,  as  the  giant  wobbles  around,  im- 
I  guided  by  any  central  purpose  except  to  grab  as 
*  much  as  it  can. 

I  The  central  purpose  of  a  tax  system  is  simple, 
j  It  should  raise  the  necessary  revenue  without  plac¬ 
ing  unnecessary  fetters  on  enterprise. 

As  recently  as  1929  federal  taxes  took  only  one 
dollar  out  of  every  twenty  of  national  income.  A 
loose-jointed  and  inconsistent  tax  structure  was  a 
nuisance  then.  But  it  wasn’t  serious. 

Today  the  federal  tax  burden  is  the  dominant 
element  in  the  nation’s  economy. 

Even  if  Congress  succeeds  in  cutting  $6  billions 
out  of  President  Truman’s  $37.5  billion  budget,  fed¬ 
eral  taxes  still  will  take  about  one  dollar  out  of 
every  five  of  the  national  income.  And  few  Con¬ 
gressmen  are  hopeful  enough  to  think  that  they 
can  get  the  tax  load  below  $25  billion  for  any  year 
that  is  in  sight. 

\  Drastic  Budget  Cuts  Required 

I  Indeed,  to  get  the  tax  load  down  to  $25  billion, 
Congress  will  have  to  stop  treating  expenditiues, 
like  those  for  military  purposes  and  veterans,  as 
politically  sacrosanct.  Congress  must  scrutinize 
every  item  in  the  budget.  Economy  must  go  along 

iwith  tax  cutting  or  we  shall  end  in  bankruptcy. 
Suppose  that  expenditures  are  slashed  to  the 
bone.  Our  taxes  still  will  be  so  heavy  that  the  way 
they  are  loaded  on  the  nation’s  back  will  make  a 
t  big  difference  in  how  well  the  nation  gets  along. 
That’s  something  which  the  postwar  boom  has 
I  -  tended  to  obscure.  It  will  become  much  clearer  as 
I  this  boom  wears  off.  Then  a  remodeling  of  the  fed- 
\  eral  tax  system  to  remove  its  manifold  obstructions 
to  private  enterprise  will  be  of  transcendent  and 
obvious  importance  to  everybody. 

1  Tax  Experts  Agree 

The  remodeling  will  require  political  courage  plus 
tax  wisdom.  Congress  must  supply  its  own  political 


courage.  But  it  can  lean  on  tax  experts  for  tax  wis¬ 
dom.  Fortunately,  tax  experts  now  agree  on  the 
necessary  ref orms  —  especially  on  those  that  wifl 
remove  obstructions  to  business.  How  well  the  tax 
experts  agree  is  shown  in  the  charts  on  the  next  page, 
summarizing  answers  to  a  questionnaire  on  possible 
federal  tax  reforms.  The  questions  were  asked  by 
the  Department  of  Economics  of  the  McGraw-Hill 
Publishing  Company.  The  answers  came  from  a 
broad  cross-section  of  tax  experts,  including  the 
authors  of  a  considerable  crop  of  books  on  postwar 
federal  taxes  and  what  to  do  about  them. 

The  experts  agree  (see  the  charts)  that  double 
taxation  of  corporate  dividends  should  stop. 

They  agree  that  the  tax  rate  on  corporate  income 
(now  38  percent)  should  be  reduced  as  rapidly  as 
possible  to  the  initial  rate  on  individual  income 
(ndw  20  percent). 

And  they  agree  overwhelmingly  that  it  is  desir¬ 
able  to  let  net  losses  be  subtracted  from  net  prof¬ 
its  over  a  5-to-6-year  period  in  computing  business 
income  for  tax  purposes. 

All  three  changes  would  stimulate  corporate  initi¬ 
ative  and  hence  make  jobs.  Averaging  business  in¬ 
comes  would  make  new  ventures  attractive  even 
though  these  ventiures  might  result  in  early  losses. 
Reduction  of  the  corporate  income  tax  would  have 
the  same  effect.  So,  too,  would  the  elimination  of 
\hat  highly  discriminatory  provision  whereby  corpo¬ 
rate  dividends  are  taxed  first  as  corporate  profits, 
and  again  when  received  as  income  by  individuals. 

Penalties  on  Incentives 

Beyond  these  changes,  there  must  be  an  end  to 
tax  penalties  on  individual  initiative.  Consider  the 
enterprising  business  man  whose  income  fluctuates 
markedly  from  year  to  year.  Because  of  his  enter¬ 
prise  he  may  pay,  on  the  same  income,  twice  as 
much  federal  income  tax  as  the  man  who  plays  it 
safe  for  a  steady  income.  That’s  because  he  can’t 
average  his  personal  income  over  several  years  for 
tax  purposes.  He  can  coimt  on  heavy  taxation  of 
his  good-year  profits  with  no  chance  for  offsetting 
against  them  his  bad-year  losses.  It  is  a  case  of 
heads  you  lose,  tails  the  tax  collector  wins.  Eighty- 
six  percent  of  the  experts  agree  that  an  income¬ 
averaging  allowance  for  individuals  is  desirable. 

Three-quarters  of  them  also  agree  that  tax  rates 
at  the  top  end  of  the  individual  income  scale  (now 
running  up  almost  to  90  percent)  should  come 
down.  In  my  judgment,  the  total  tax  should  not 
amoimt  to  more  than  50  percent  to  encourage  busi¬ 
ness  men  to  venture  for  high  stakes. 


about  80%  of  the  production  workers  are  members 
of  the  United  Steelworkers,  C.  L  O.  In  some  other  key 
industries  there  is  a  comparable  degree  of  concen¬ 
tration  of  union  control  In  the  face  of  such  concen¬ 
tration  many  employers  see  no  alternative  but  to 
get  together  on  their  side  for  industry-wide  bargain¬ 
ing.  But  when  they  do  so  in  key  industries,  the  odds 
are  lengthened  that  failure  to  agree  on  wages  and 
related  matters,  will  result  in  generally  ruinous  con¬ 
flict.  If  agreement  is  reached,  the  chances  are  in¬ 
creased  that  it  will-  take  too  little  accoimt  of  the  wel¬ 
fare  of  the  consuming  public. 

It  is  possible  to  have  industry-wide  bargaining  on 
many  subjects  other  than  wages.  But  the  main  inter¬ 
est  is  wages;  and  the  main  drive  is  toward  industry¬ 
wide  and  ultimately  nation-toide  uniformity.  Such 
uniformity  is  the  deadly  enemy  of  industrial  decen¬ 
tralization  and  the  pioneering  expansion  of  industry 
• 

in  neto  areas.  Why  pioneer,  with  inexperienced  work¬ 
ers,  if  the  wage  rate  must  be  uniform  for  the  whole 
industry?  Moreover,  it  would  also  be  hard  to  con¬ 
ceive  of  a  more  effective  way  to  put  a  blight  on  local 
efforts  to  improve  industrial  relations  than  to  make 
wage  rates  and  other  working  conditions  uniform 
throughout  the  industry  and  then  the  nation.  How¬ 
ever,  among  many  other  dangers,  the  overshadowing 
danger  in  industry-wide  bargaining  lies  in  its  con¬ 
centration  of  economic  power. 

Wages  Monopolized 

On  the  average,  the  cost  of  labor  accounts  for  about 
two-thirds  of  the  total  cost  of  all  industrial  products. 
The  universal  spread  of  industry-wide  bargaining 
would  thus  concentrate  in  relatively  few  hands  con¬ 
trol  of  the  greater  part  of  the  cost  of  industrial  pro¬ 
duction.  There  is  no  reason  to  beheve  that  even  with¬ 
out  disastrous  strikes,  such  concentration  would  long 
continue  free  from  government  regulation.  That 
would  turn  more  earth  for  the  graves  of  American 
business  enterprise  and  American  working  men’s 
freedom. 

Those  who  believe  that  industry-wide  bargaining 
serves  the  public  well— and  many  sincere  people  do 
—stress  the  fact  that,  on  the  whole,  it  has  worked  in 
the  industries  where  it  has  been  tried  over  a  con¬ 
siderable  period.  Most  of  the  industries  of  which  this 
is  true,  however,  are  not  key  industries.  The  pottery 
industry,  the  glassware  industry,  and  the  silk  and 
rayon  dyeing  industry— to  cite  a  few  in  which  indus¬ 
try-wide  bargaining  has  been  practiced  with  consid¬ 
erable  success— are  important  industries.  But  they  are 
not  industries  in  which  strikes  would  have  a  ruinous 
impact  on  the  nation.  In  contrast,  a  strike  in  the  soft 


coal  industry  as  the  result  of  a  breakdown  of  in¬ 
dustry-wide  negotiations  quickly  becomes  a  national 
disaster.  The  dangers  inherent  in  industry-wide  bar- 
gainmg  are  mviltiplied  accordingly. 

England  No  Guide 

Those  who  think  extension  of  industry-wide  bar¬ 
gaining  would  be  good  for  the  public  often  emphasize 
the  fact  that  it  has  worked  smoothly  in  England, 
where  it  has  been  extensively  practiced.  Not  the  least 
of  the  things  it  has  smoothed  in  England,  however,  is 
the  transfer  from  private  enterprise  to  state  socialism 
of  industries  in  which  industry-wide  bargaining  by 
monopolistic  unions  and  employer  groups  had  so 
badly  undercut  competition  that  private  enterprise 
had  lost  much  of  its  justification.  A  general  extension 
of  industry-wide  bargaining  could  be  expected  to 
have  the  same  consequences  in  this  country. 

The  best  way  to  curb  industry-wide  bargaining  is 
a  question  which  lies  beyond  this  discussion.  Much 
would  be  accomplished  if  the  federal  government 
would  discontinue  its  active  promotion  of  industry¬ 
wide  adjustments,  in  the  fields  of  both  labor  and 
management,  at  which  it  has  been  busy  ever  since 
N.R.A.  days.  Still  more  would  be  accomplished  if 
the  federal  antitrust  laws  were  applied  with  even- 
handed  justice  both  to  unions  and  employers— a  course 
urged  in  the  53rd  editorial  in  this  series.  Perhaps  a 
definite  limitation  of  the  scope  of  labor  agreements 
would  also  be  necessary. 

The  effects  of  industry-wide  bargaining  in  increas¬ 
ing  the  extent  of  public  regulation  of  industry  will 
vary.  They  will,  of  course,  be  less  pronoimced  in  rail¬ 
roads  and  other  pubhc  utilities,  which  are  already 
extensively  regulated,  than  they  will  be  elsewhere. 
For  unregulated  industries,  however,  industry-wide 
bargaining  carries  the  threat  of  extensive  regulation 
and,  along  the  way,  of  industrial  conflict  devastating 
to  the  public.  In  these  excited  times,  to  say  what  I 
have  said  here  is  to  invite  characterization  by  over¬ 
heated  partizans  as  a  foe  of  legitimate  vmion  progress. 
That  is  perhaps  not  so  bad,  however,  as  to  qualify  as 
a  pall  bearer  for  both  American  business  enterprise 
and  some  of  the  basic  freedoms  of  American  working 
men.  That  may  well  be  the  fate  of  those  who  blindly 
accept  the  expansion  of  industry-wide  collective  bar¬ 
gaining  as  being  “in  time  with  the  times.” 


President  McGraw-Hill  Publishing  Company,  Inc. 


THIS  IS  THE  55tk  OF  A  SERIES 


OUR  TEACHERS  - 

They  Need  The  Help  Of  Business  Now 


This  is  an  appeal  to  raise  school  teachers  sal¬ 
aries —fast.  Such  appeals  are  commonly  ad¬ 
dressed,  rather  vaguely,  to  the  conscience  of 
the  community.  This  one  is  not.  It  is  addressed 
directly  to  the  business  community,  and  to  its  hard 
core  of  common  sense. 

As  a  whole,  the  school  teachers  of  the  nation  are 
taking  an  economic  beating.  So,  too,  are  their  close 
associates  and  co-workers,  the  librarians.  In  pu]> 
chasing  power,  public  school  teachers  salaries,  after 
taxes,  average  about  20  i)ercent  less  than  they  did 
eight  years  ago.  Beginning  salaries  of  hbrarians, 
always  low,  have  fallen  behind  an  equal  amount  in 
purchasing  power.  College  and  university  teachers 
are  not  much  better  o£L  The  pressure  is  particularly 
heavy  on  those  in  the  lower  ranks.  As  a  group, 
teachers  and  librarians  are  close  to  the  bottom  of  the 
economic  heap. 

Unless  this  situation  is  remedied  promptly,  it  is 
confidently  to  be  expected  that: 

1.  The  more  competent  teachers  will  continue 
to  desert  our  schools  in  droves,  and  our  Hbrar- 
ies  will  remain  inadequately  staffed.  More  than 
35(f,000  teachers  —  many  of  them  the  very 
able  ones— have  left  the  public  school  teaching 
staff  of  about  900,000  in  the  last  six  years.  More 
than  100,000  of  the  replacements  are  “sub¬ 
standard.”  They  cannot  meet  the  minimum 
educational  requirements  of  their  jobs  which, 
by  admission  of  the  profession  itself,  are  none 
too  high. 

2.  Those  who  remain  will  be  organized  in¬ 
creasingly  into  economic  pressure  groups. 
Teachers  strikes  and  the  rapid  growth  of 
unionism  among  teachers  at  present  clearly 
indicate  what  is  in  store. 

Many  business  men  are  so  deeply  disturbed  by 
the  resort  to  the  strike  weapon  by  some  teachers  to 
enforce  their  salary  demands  that  their  sympathy 


for  the  general  plight  of  our  teachers  tends  to  be 
dulled.  Such  an  attitude  is  imderstandable.  It  avails 
nothing,  however,  in  eliminating  the  crisis  in  edu¬ 
cation  caused  largely  by  teachers  salary  troubles. 

The  crisis  in  education  is  a  crisis  for  the  nation  as 
a  whole.  The  work  of  our  schools,  colleges  and 
libraries  is  such  that  its  deterioration  means  deteri¬ 
oration  of  the  nation.  However,  the  salary  crisis  in 
education  is  in  special  meas\ire  a  crisis  for  the  busi¬ 
ness  community.  That  community  has  a  special  stake 
in  having  a  well-educated  and  well-disposed  constit¬ 
uency. 

Education  and  Unionism 

There  may  be  room  for  disagreement  as  to  whether 
teachers  should  organize  themselves  in  trade  unions, 
and  follow  trade  union  tactics.  However,  there  is  no 
conceivable  room  for  disagreement  as  to  whether 
organization  of  teachers  into  a  fighting  economic 
pressiure  group  \mder  the  lash  of  a  teachers  salary 
crisis  would  be  a  body  blow  to  business.  Among 
many  teachers  it  would  foster  an  abiding  hostility 
to  the  institution  of  business  which,  occupying  a  key 
position  in  the  life  of  the  community,  had  not  done 
its  utmost  to  make  such  unionization  unnecessary 
by  taking  a  lead  in  reheving  the  teachers  salary 
crisis. 

In  our  work  of  publishing  technical  periodicals 
and  text  books,  we  at  McGraw-Hill  meet  and  come 
to  know  many  teachers  and  hbrarians.  We  know 
that,  as  a  group,  they  have  httle  appetite  for  par¬ 
ticipation  in  mihtant  economic  pressure  groups. 
They  are  far  more  interested  in  making  a  militant 
assault  on  ignorance  and  prejudice  through  con¬ 
centration  on  their  professional  work.  If,  through 
neglect  of  their  economic  needs  by  the  business 
community,  they  feel  forced  to  resort  to  trade 
union  organization  and  tactics,  the  teachers  and 
librarians  can  be  expected  to  have  an  abiding  re- 


Advocating  tax  relief  for  men  in  the  higher  in* 
come  brackets— and  x^u^cularly  for  management 
men—has  been  considered  political  suicide  for  more 
than  a  decade.  Some  members  of  Congress  still  hold 
that  view.  A  Democratic  Congressman  from  Mich¬ 
igan  told  an  Illinois  colleague  who  advocated  cutting 
upper  bracket  taxes,  “If  you  put  that  idea  forward 
at  home,  you  won’t  come  back.” 

The  Congressman  has  an  even  better  chance  of 
not  going  back  if  our  economy  bogs  down.  One  of 
the  best  ways  to  bog  it  down  is  to  keep  the  taxes 
that  destroy  business  incentives  and  block  enter¬ 
prise— for  example,  the  confiscatory  rates  which 
drive  the  people  in 
the  high  brackets 
away  from  risk¬ 
taking. 

To  give  the 
American  system 
of  individual  enter¬ 
prise  a  fair  chance 
Was  clearly  the 
mandate  of  No¬ 
vember’s  election. 

To  give  it  that 
chance,  enterpris¬ 
ing  business  men 
musthave  a  chance 
to  make  large  re¬ 
wards— as  well  as 
the  always-present 
chance  to  lose  their 
shirts.  Under  pres¬ 
ent  tax  rates,  they 
don’t  get  a  break. 

Prevailing  fed¬ 
eral  taxation  throt¬ 
tles  bold  business 
enterprise  in  other 
ways.  It  fails,  for 
example,  to  en¬ 
courage  research 
and  rapid  indus¬ 
trial  moderniza¬ 
tion.  It  tends  to 
siphon  investment 
away  from  privat€i 
enterprise,  driving 
it  into  tax  exempt 
state  and  local  se¬ 
curities.  (The  ex¬ 
perts  agree  almost 
to  a  man  that  such 
tax  exemption  must  be  eliminated.)  The  list  of 
obstacles  could  be  amplified. 

Hit-and-Run  Revision  Disastrous 

Most  of  the  reforms  needed  to  prevent  the  federal 
tax  system  from  smothering  enterprise  would  lower 
federal  revenues,  at  least  temporarily.  Elimination 
of  the  double  taxation  of  corporate  dividends  might 
lop  off  $800  million.  Dropping  the  corporate  income 
tax  from  38  percent  to  20  percent  might  cut  away 
as  much  as  $4  billion. 


Because  we  can  not  avoid  enormous  federal  ex- 
I)enses  in  the  years  immediately  ahead,  all  badly 
needed  reforms  of  the  type  to  which  this  article  is 
confined  obviously  can’t  be  made  at  once.  Also 
there  are  other  tax  reforms  bearing  on  consumption 
which  obviously  should  be  weighted  in  an  over-all 
program  of  tax  revision. 

But  this  is  equally  obvious:  We  should  have  a 
general  design  for  tax  revision  which  would  line 
up  all  the  necessary  steps.  Then  we  coiild  get  ahead 
with  tax  reductions  as  rapidly  — and  as  sensibly  — 
as  revenue  requirements  and  political  courage  would 
permit.  Tax  cutting  may  come  piece-meal,  but  tax 

planning  must  not 
Through  such  a 
I  design  we  might 
discover  that  some 
decidedly  benefi¬ 
cial  improvements 
in  the  federal  tax 
structure  can  be 
made  at  relatively 
slight  cost  But  to¬ 
day  there’s  no  way 
to  be  sure.  No  one 
in  W  ashington  with 
access  to  the  infor¬ 
mation  has  even 
undertaken  to 
make  the  neces¬ 
sary  estimate. 

Instead,  federal 
tax  revision  con¬ 
tinues  to  be  a  hit- 
and-run  business- 
and  a  short-run 
political  business. 
Take,  for  example, 
the  proposal  of  a 
20  percent  tax  re¬ 
duction  across  the 
boards.  There  are 
virtues  in  such  a 
proposal.  But  how 
they  stack  up  be¬ 
side  many  other 
extremely  urgent 
needs  for  tax  re¬ 
form  remains  a 
mystery. 

Congress  must 
dispel  such  mys¬ 
teries.  Only  in  that 
way  will  it  do  the  job  of  converting  oiu*  present 
jerry-built  tax  structure  into  a  moderately  safe 
abode  for  the  American  system  of  private  initiative, 
sparked  by  adequate  incentives. 


EXPERT  OPINION  ABOUT  TAX  REVI.SION 


%  Of  Tax  Exports 
Favoring  tho 
Froposod  Changos 


I  Elimlntttm  doubt*  taxation  of  corporation  dWi- 
dondt  which  are  now  taxed  as  corporate  profit  and  then 
again  as  individual  income. 


2  *  Xedwce  corporation  Income  tax  rate  (now  38%) 
as  rapidly  as  budget  needs  permit  until  it  equals  the 
Initial  rate  for  Individual  incomes  (now  20%). 


3  Prouido  for  averaging  business'  taxable  income* 
over  a  period  of  about  6  years  to  allow  for  losses  fai 
bod  years. 


4  Provide  for  averaging  individuals'  taxable  !*• 
comes  over  a  period  of  a  few  years  so  as  to  treat  fairly 
those  whose  incomes  fluctuate. 


5  geduce  upper  bracket  individual  Income  tax 
rates  to  a  maximum  of  50%  in  the  $100,000  bracket 
and  75%  in  the  million  and  over  bracket. 


6  Treat  capital  gains,  now  taxed  at  a  lower  rate, 
like  other  Income  but  provide  full  allowances  for  losses. 


7  '  Remove  the  privilege  of  tax  exemption  from  oil 
future  Issues  of  state  and  local  govemntent  bonds. 
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Our  Duty  and  Our  Opportunity  I 


CAPITALISM  in  Europe  and  the  rest  of  the 
world  is  challenged  by  a  real  and  formidable 
rival,  communism.  For  capitalism  to  thrive 
a  reasonable  amoimt  of  prosperity  is  essentiaL 
Communism  uses  poverty  to  advance  itsell 
Except  for  the  Western  Hemisphere,  most  of  the 
world  came  out  of  the  war  poor.  Two  years  after 
V-E  Day  it  is  still  poor.  It  needs  doUais.  It  needs 
credit.  It  needs  capital.  It  needs  trade.  It  needs 
technical  and  managerial  skills. 

If  we  in  America  are  to  help  the  rest  of  the  world 
back  to  its  feet,  starting  it  again  on  the  road  to  peace 
and  a  free  economy,  we  should  try  to  supply  those 
needs  within  the  limits  of  our  capacity. 

We  must  not  overtax  our  own  strength.  For  the 
first  requirement  of  a  stable  world  is  a  strong 
United  States.  But  we  must  accept  leadership  in 
international  economic  recovery— in  our  own  self- 
interest. 

What  can  the  United  States  do  to  help  men  back 
to  prosperity  in  a  world  economy  which  will  allow 
them  freedom  and  incentive?  There  are  many 
things.  But  here  are  two  of  the  most  important: 

1.  The  United  States,  through  Congress,  must 
determine  the  pattern  and  the  total  of  the 
foreign  loans  or  grants  it  can  afford.  We 
must  answer  three  questions.  How  much 
will  the  new  program  cost?  Can  we  afford 
it?  Have  we  the  technicians  and  managers 
to  watch  the  loans,  assuring  their  fruitful 
use? 

2.  We  must  demonstrate  that  we  do  not  intend 
to  raise  om:  tariff  walls  to  prohibitive  heights 
when  our  debtors  begin  to  repay  us  in  goods 
and  services,  which  is  the  only  practical 
way  they  can  pay  us.  Otherwise  our  loans 
will  become  losses. 

If  the  United  States  is  to  meet  even  the  minimum 
requirements  of  world  rehabilitation.  Congress 
eventually  must  authorize  more  advances  than  those 
to  Greece  and  Turkey.  The  $400  million  for  those 
two  coimtries  will  not  do  the  ovei>aU  job  of  political 
and  economic  defense  which  we  have  begun.  A  min¬ 


imum  of  $5  billion,  if  promptly  and  wisely  applied 
in  eight  to  ten  coimtries,  might  suffice.  BUT  this  $5 
billion  will  be  on  top  of  approximately  $16.8  billion 
which  we  have  spent  or  earmarked  during  the  past 
two  years  for  use  abroad,  including  our  full  share 
of  the  World  Bank  and  Fimd.  We  shall  do  a  faster 
and  more  effective  job  if  Congress  will  thus  add  up 
the  foreseeable  total  of  our  international  aid,  and, 
even  though  the  total  looks  imposingly  large,  com¬ 
mit  us  to  it,  with  proper  collateral  safeguards  from 
the  debtor  nations. 

Congress  need  not  try  to  foretell  all  contingencies, 
like,  last  winter’s  weather  in  Britain,  and  it  cer¬ 
tainly  should  not  create  the  impression  that  nations 
need  only  ask  for  billions  to  receive  them.  On  the 
other  hand,  the  war  should  have  taught  us  the  mis¬ 
erable  consequences  of  “too  little  and  too  late.”  The 
President  shoidd  have  learned  that  he  engenders 
skepticism  by  going  to  Congress  with  parts  of  a 
program,  as  he  has  done  in  the  British,  Grecian 
and  Turkish  loans.  Within  the  limits  of  our  capac¬ 
ity,  we  must  make  the  decision  now  to  see  the 
whole  job  through— or  throw  in  the  sponge. 

In  the  interest  of  the  debtor  nations  — as  well  as 
in  our  own  interest— the  loan  program  should  be 
hard-boiled.  Rehabilitation  loans  must  really  re» 
habilitate.  They  must  produce  a  state  of  economic 
health  which  will  permit  the  World  Bank  and  pri¬ 
vate  capital  to  take  over  the  task  of  financing 
world  recovery— as  perhaps  can  be  done  today  in 
France  and  the  Low  Countries. 

The  loans,  therefore,  must  be  within  the  limits 
of  oiur  technical  and  managerial  ability  to  imple¬ 
ment  them.  Without  technical  help,  Greece  can  not 
use  its  loan  effectively— to  rebuild  railroads,  clear 
ports,  revive  agriculture.  Without  skilled  super¬ 
visors,  Germany  can  not  be  made  to  pay  jts  way. 
Money  alone  won’t  pull  China  from  the  brink  of 
economic  chaos. 

Our  lending  calls  for  more  than  money.  It  calls 
for  trained  personnel  to  help  the  recipients  utilize 
the  loans  effectively —geologists,  construction  and 
sanitary  engineers,  monetary  experts,  and  manage¬ 
ment  and  agricultural  specialists. 
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sentment  toward  the  institution  of  business.  That  ■ 
resentment  will,  in  tmm,  be  communicated  in  no 
small  measure  to  the  coming  generation.  Such  is 
the  nature  of  the  educational  process. 

The  crisis  in  education  is  not,  of  course,  exclu- 
'  '  sively  a  matter  of  salaries.  Unsatisfactory  working 
conditions  also  play  a  part.  Many  schools  are  dilapi¬ 
dated  and  terribly  overcrowded.  So  are  some  li¬ 
braries.  Some  small-town  school  boards  oppressively 
insist  that  the  school  teachers  be  the  paragons  of 
piety  the  board  members  wish  they  were  them¬ 
selves.  Protection  of  a  proper  degree  of  academic 
freedom  is  sometimes  missing.  The  teacher  is  rarely 
accorded  a  prestige  comparable  to  the  importance  of 
the  job.  Elements  such  as  these  aggravate  the  crisis 
in  education.  But  the  first  and  absolutely  essential 
step  toward  surmounting  the  crisis  is  to  provide 
tolerable  salaries. 

Because  of  the  enormous  diversity  of  local  con¬ 
ditions  affecting  teachers  and  librarians  salaries,  no 
general  rule  for  emergency  action  would  fit  all 
cases.  From  state  to  state,  average  yearly  expendi¬ 
tures  on  location  in  1940  varied  all  the  way  from 
about  $30  per  pupil  to  about  $150.  Some  states,  like 
Nebraska,  finance  their  schools  almost  exclusively 
from  local  taxes.  Others,  like  Delaware,  rely  almost 
entirely  on  state  taxes.  Some  states  and  communi¬ 
ties  have  already  acted  to  meet  the  salary  crisis. 
Others  have  not.  Variations  such  as  these  limit  any 
generalization. 

Guide  for  Emergency  Action 

But  as  a  general  proposition  it  can  be  safely  said 
that  the  minimum  requirements  of  the  emergency 
will  not  have  been  met  so  long  as  the  salaries  of 
class  room  teachers  and  junior  members  of  college 
faculties  and  library  staffs  have  not  been  in¬ 
creased  by  the  amoimt  necessary  to  keep  them 
abreast  of  the  increase  of  about  50  percent  in  the 
cost  of  living  since  1939.  In  many  cases,  a  temporary 
cost  of  living  adjustment  might  prove  the  best  way 
to  handle  the  problem. 

This  suggestion,  let  it  be  repeated,  is  not  offered 
as  a  solution  of  the  salary  problem,  but  as  a  start. 
With  their  salaries  increased  enough  to  meet  the 
increased  cost  of  living,  the  teaching  and  library 
groups  as  a  whole  would  still  have  cause  to  envy 
the  current  economic  position  of  industrial  workers. 
Since  1939,  the  average  of  weekly  earnings  of  indus¬ 


trial  workers  after  taxes,  has  outstripped  the  rise 
in  the  cost  of  living  by.  about  21  percent. 

However,  a  start  and  an  absolutely  essential  start 
would  be  made  toward  giving  America  the  sort  of 
educational  system  it  must  have  not  only  to  fulfill 
Its  ideals  but  holds  its  own  in  this  highly  competitive 
world.  We  worry,  and  I  think  rightly,  about  having 
the  free  wofld  engulfed  by  Russian  Communism. 
According  to  the  best  figures  available,  the  U.S.S.R. 
is  spending  about  twice  as  large  a  share  of  its  total 
national  income  for  education  as  we  are.  The  figures 
compared  include  our  expenditures  for  both  public 
and  private  education.  That  comparison  is  really 
something  to  worry  about. 

States  Should  Take  Lead 

In  dealing  with  the  salary  crisis  it  is  up  to  the 
teachers  to  display  a  maturity  and  integrity  worthy 
of  their  profession.  Teachers  have  many  employ¬ 
ment  advantages,  such  as  long  vacations.  They 
should  not  slur  them  over  in  making  comparisons 
of  their  annual  incomes.  Also  employment  in  teach¬ 
ing  and  libraries  has  been  notably  stable.  Teachers 
and  librarians  should  not  ignore  that  fact  in  com¬ 
paring  their  position  with  those  whose  employment 
has  been  far  less  steady. 

At  the  same  time,  the  great  fiscal  difficulties  in¬ 
volved  in  solving  the  crisis  in  teachers  and  librarians 
salaries  must  not  be  used  as  an  excuse  for  post¬ 
poning  effective  action.  The  states  are  better 
equipped  financially  and  otherwise  to  take  such 
action  than  is  the  federal  government  and,  with  the 
localities  directly  involved,  should  take  the  lead.  If 
the  price  of  effective  action  is  a  heavier  tax  burden 
for  communities  already  too  heavily  burdened  that 
price  must  be  paid.  The  crisis  presents  a  major 
emergency.  To  handle  it  as  anything  less  is  to  court 
irreparable  damage  to  the  nation  as  a  whole,  and  a 
sx>ecial  measiure  of  damage  to  business  as  well  The 
intelligent  self-interest  of  business  requires  that  it 
leave  nothing  imdone  to  meet  and  master  the  crisis 
in  education. 
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lower  tariffs,  fewer  quotas  and  a  free  flow  oi  private 
trade.  The  task  is  a  long  one,  and  the  results  are  as 
3^t  uncertain,  but,  if  success  is  achieved,  an  im¬ 
mense  opportunity  for  good  works  and  good  earn¬ 
ings  will  lie  before  American  businessmen. 

^lis  is  no  picayunish  oi^rtunity.  Authoritative 
estimates  put  our  1947  exports  at  $11  billion  and 
our  imports  at  $6  biUion.  That’s  substantiaL  It  is 
•  greater  than  the  value  of 

iaU  crops  grown  on  our 
farms  ($10^  billion)  and 
exceeds  the  value  of  all 
shipments  of  industries 
such  as  automobiles  ($9 
billion),  textiles  ($8  bil¬ 
lion)  and  chemicals  ($8 
billion) . 

International  trade  is 
vital,  not  to  be  shrugged 
off,  not  to  be  kicked 
arovmd  as  a 


Loans  are  necessary  but  they  are  only  a  first 
step.  A  long-range  program  requires  the  opening  of 
the  half-closed  doors  ol  world  trade— our  own 
door,  too. 

We  will  have  to  get  used  to  the  idea  that,  when 
our  debtors  i>ay  \is,  they  must  pay  us  largely  in 
goods  and  services.  Refusal  to  permit  such  repay¬ 
ments  in  the  twenties  heli^  start  the  world  de¬ 
pression  in  the  thirties  — 
and  the  loss  of  our  invest¬ 
ments.  Imports  do' tend  to 
raise  living  standards,  and 
a  two-^vay  trade  program 
need  not  require  tu  to 
slcLsh  our  present  tariff 
rates. 

The  complexion  of  oiur 
foreign  trade  has  changed 
since  the  war.  Our  man¬ 
ufacturing  capacity  has 
increased  and  our  raw- 
material  self-sufficiency  is 
tending  to  decline.  For  ex¬ 
ample,  we  probably  shall 
have  to  continue  import¬ 
ing  copper  and  zinc  and  to 
increase  our  prewar  de¬ 
pendence  on  imported 
lead.  We  may  soon  have 
to  depend  heavily  on  im¬ 
ported  oil,  and— gradually 
—  on  a  growing  volume  of 
iron  ore  from  abroad.  Our 
normal  dependence  on  im¬ 
ports  for  commodities  like 
rubber,  tin  and  silk  will 
continue. 

Oiur  population  has  gone 
Up  10  million  in  the  last 
decade,  and  we  now  have  a  $176  billion  national 
income!  making  room  for  more  imports. 

As  a  result  of  every  nation’s  recent  attempts 
to  make  itself  secure  and  self-sufficient  by  slam¬ 
ming  its  trade  door,  a  world-wide  series  of  quotas 
and  restrictions  is  blocking  international  trade.  Even 
more,  government  buying  and  selling  threaten  to 
take  commerce  out  of  the  hands  of  private  traders, 
placing  it  in  the  uninspired  care  of  bureaucratic 
negotiators. 

Our  government  has  taken  the  lead  in  calling  the 
conference  of  18  nations,  now  meeting  at  Geneva, 
to  open  as  many  trade  doors  as  possible.  The  Ameri¬ 
can  delegates  will  bargain  product  by  product  and 
coimtry  by  country— aU  summer,  if  necessary  —  for 


Advecocy  by  the  McGraw-Hill  Publishing  Com¬ 
pany,  in  tho  accompanying  editorial,  of  an  effective 
world  economic  policy  b  not  a  mere  verbal  exercise. 
In  the  fahh  that  we  as  a  nation  shall  develop  such  a 
policy,  this  Company,  following  a  trail  blazed  by 
leaders  in  American  industry  and  finance,  b  expand¬ 
ing  ib  operations  overseas. 

A  newly  created  AAcGraw-Hill  International  Cor¬ 
poration  will  push  forward  the  frontiers  of  our  tech¬ 
nical  magazine  and  book  publishing  business  through¬ 
out  the  world.  The  new  Corporation  comprises: 

Eight  Internationa/  magazines— thm 
McGRAW-HILL  DIGEST,  THE  AMERICAN  AUTO¬ 
MOBILE  and  EL  AUTOMOVIL  AMERICANO, 
PHARMACY  INTERNATIONAL  and  EL  FARMA- 
CEUTICO,  INGENIERIA  INTERNACIONAL 
CONSTRUCCION,  INGENIERIA  INTERNACIO¬ 
NAL  INDUSTRIA,  THE  MACHINIST. 

A  newsgathering  agency,  McGRAW-HILL 
WORLD  NEWS,  specializing  in  industrial  and 
engineering  coverage  with  correspondents  in 
36  world  centers. 

McGraw-Hill  Publishing  Company,  Ltd.  (Lon¬ 
don),  serving  the  special  needs  of  Britain  and 
western  Europe  and  publishing  THE  MACHIN¬ 
IST  (London). 

Five  buyers^  guides  — AUTOMOTIVE  EQUIP- 
MENT  (in  English  and  Spanish),  CONSTRUC¬ 
TION  EQUIPMENT,  INDUSTRIAL  MACHINERY 
and  PHARMACEUTICALS  (all  in  Spanish). 

In  addition,  the  McGraw-Hill  Book  Company  has 
an  overseas  network  for  the  distribution  of  its  books. 


football  of 
party  politics.  Republicans 
and  Democrats  agree  on  a 
non-partisan  foreign  po¬ 
litical  policy.  'They  should 
agree  also  on  a  non-parti¬ 
san  foreign  economic  pol¬ 
icy.  'The  foreign  relations 
of  the  United  States,  po¬ 
litical  or  economic,  can  no 
longer  be  log-rolled  hither 
and  yon. 

A  general  program  for 
international  recovery, 
outlined  here,  will  bring 
its  full  quota  of  aches  and 
pains.  But  lack  of  a  pro¬ 
gram  will  produce  eco¬ 
nomic  and  political  troub¬ 
les  on  a  vast  scale;  timid  retreat  will  invite  economic 
disaster  and  war. 

By  an  intelligent,  bold  and  resourceful  program, 
we  have  a  chance  to  win  through  to  a  long  peace 
in  the  kind  of  world  we  want.  Unless  America 
provides  the  leadership,  there  can  he  no  such  pro¬ 
gram.  Then  Communism  merely  needs  to  hang 
aroimd  long  enough  to  pick  up  the  pieces. 

Ours  is  the  responsibility  and  the  opportunity. 
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IMPROVED  FEATURES 


^  Good  electrical  contact  is  assured  between  the  front  of  the 
unit  and  the  back  cover. 

^  All  fibre  and  other  moisture  absorbing  parts  have  been 
eliminated. 

^  A  ground  lug  on  the  shield  may  be  supplied,  if  required. 

^  Two  hole  mounting  is  standard  on  the  new  type  units,  how¬ 
ever  single  hole  mounting  may  be  secured. 

^  A  roller  type  detent,  as  shown  above,  replaces  the  former 
ball  and  spring  mechanism.  Advantages  of  the  roller  detent 
are  longer  life  and  more  positive  action. 


In  keeping  with  our  policy  of  continually  improving  our  products,  we 
have  developed  a  new  and  better  design  for  the  mechanical  construc¬ 
tion*  of  our  attenuators.  In  addition  to  improved  standard  features,  the 
latest  Daven  units  offer  a  choice  of  mountings  and  an  optional  ground 
lug.  Dimensions  of  the  new  type  attenuators  make  them  interchange-' 
able  with  preceding  models.  •Pat0nt  p«ndm8. 


50  y,  less  space  is  required  than  heretofore  to  remove  the 
new  shallow  dust  cover,  thus  permitting  the  unit  to  be 
mounted  in  a  smaller  space  than  formerly. 


VEM 


m 


A  non-ferrous  can  with  an  attractive  finish. 


A  dust-proof  housing  which  provides  total  shielding. 


A  two  piece  can  with  a  positive  lock,  which  is  constructed 
so  that  the  dust  cover  can  readily  be  removed  with  one 
hand.  No  more  screws  or  knurled  nuts  to  strip,  misplace 
or  drop. 


AGAIN  BRINGS  YOU  A  NEW  AND  Setten^  ATTENUATOR 
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Feature  high  sensitivity  to  blue 
radiation,  no  response  to  infrared, 
and  high  signal-to-noise  ratio 

These  five  new  phototubes  represent  another  impor¬ 
tant  tube  development  initiated  by  RCA  with  the 
introduction  of  the  1P37.  They  have  the  advantage 
of  combining  the  S-4  response  with  gas  amplification. 
Thus,  the  tubes  offer  exceptional  sensitivity  to  blue 
radiation,  no  response  to  infrared,  and  a  high  signal- 
to-noise  ratio. 

The  five  types  illustrated  are  especially  valuable  in 
sound  reproduction  from  a  dye-image  sound  track 
because  of  the  total  absence  of  masking  of  the  modula¬ 
tion  by  infrared  transmission.  They  are  equally  attrac¬ 
tive  for  industrial  applications  involving  measurement 
and  color  control  where  infrared  radiation  might 
mask  the  desired  signal. 

RCA  1P37,  5581,  5582,  5583,  and  5584  Gas  Photo¬ 
tubes  have  a  maximum  response  at  a  wavelength  of 
4000  Angstroms  and  a  maximum  gas  amplification 
factor  of  5.5. 


THE  FOUNTAINHEAD  OF  MODERN  TUBE  DEVELO 


Each  of  the  five  new  types  has  comparable  luminous 
sensitivity,  anode  characteristics,  and  structure  to  the 
older  type  having  S-1  response.  They  may  therefore 
be  used  interchangeably  with  the  earlier  types  with 
minor  circuit  changes. 

RCA  Tube  Application  Engineers  will  be  pleased  to 
offer  their  services  toward  the  use  of  these  or  other 
RCA  tube  types  in  your  equipment.  Meanwhile,  send 
for  the  new  Bulletin  CRPS-102  covering  the  technical 
data  on  the  complete  line  of  RCA  Cathode  Ray,  Photo¬ 
tube,  and  Special  Types.  Address  all  inquiries  to  Com¬ 
mercial  Engineering,  Section  R-40E,  Harrison,  N.  J. 
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